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ED- 333 Preface

PREFACE

The Ranger Project was established to develop a space-flight technology for transport-

ing engineering and scientific instruments to the Moon and to the planets (Ref. i). The nine

Ranger launchings all made use of the Atlas D/Agena B combination (Table I) as the injection

vehicle.

Rangers I and II (Block I) were not specifically lunar-oriented, but were engineering

evaluation flights for testing the basic systems to be employed in later lunar and planetary

missions. Several scientific experiments were carried on a noninterference basis. Both

spacecraft performed satisfactorily within the constraints of the low earth orbits obtained.

Rangers III, IV, and V (Block II) carried a gamma-ray instrument, a TV camera, and

a rough-landing seismometer capsule. All of these flights experienced failures.

The objective of Rangers VI, VII, VIII, and IX (Block III)was to obtain pictures of the

lunar surface at least one order of magnitude better than those obtainable with Earth-based

photography to benefit both the scientific program and the U. S. manned lunar-flight program.

The Ranger VI spacecraft, which was launched from the Air Force Eastern Test Range

(AFETR) on January 30, 1964, did not accomplish the primary flight objective because of a

failure of the TV subsystem to transmit pictures. An extensive analysis of the TV subsystem

was performed. The Ranger VII spacecraft was launched from AFETR on July 28, 1964, and

impacted the Moon on target on July 31, 1964, accomplishing the mission flight objective.

The outstanding events of the mission were the smooth countdown, the precision of the tra-

jectory correction, and the transmission of 4304 video pictures of the lunar surface. Rangers

VIII and IX, launched on February 17, 1965, and March 21, 1965, respectively, repeated the

success of Ranger VII in a spectacular manner and brought the Ranger Project to a successful

conclusion.

Section I of this document is a narration of all major efforts and results pertaining pri-

marily to the launch vehicle system and its adaptation for use in executing Ranger missions.

The time period from cancellation of Vega launch vehicle development to the end of the Ranger

Program is covered in "Block" concept for convenience in reporting (Fig. l). Overlaps

naturally occur in the time scale because of the necessity for maintaining continuous test

programs and constant evaluation, and for establishing lead times for design changes. Re-

gardless of these time overlaps, however, the Block designation clearly separates the missions

and serves to indicate milestones in the accomplishment of the final Project Objectives.

Specific activities and accomplishments in the areas pertaining to spacecraft/launch

vehicle integration design, testing, and documentation are given separate and more detailed

treatment in Sections II and Ill.
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ED-333 Section I

SECTIONI. CHRONOLOGY

A. RANGER BLOCK I

I. Evolution of Launch Vehicles from the Juno Experiments

During the Juno I (Explorer) and Juno II (Pioneer) experiments of 1958-59, personnel

from the Jet Propulsion Laboratory (JPL), and from the Army Ballistic Missile Agency

(ABMA) made design studies for the purpose of improving the payload capacity of the Jupiter

booster through the use of larger and more efficient upper stages (Ref. 2). The first vehicle

family considered was Juno III. Its design was based upon the use of a spinning cluster of

solid rockets which were similar to, but larger than, the JPL-built clusters used on the

Juno I and II spacecraft. The Juno HI concept was rejected on the grounds that future flight

missions would require spacecraft guidance and stabilization; consequently, the spinning

upper stages would be undesirable.

The ensuing studies of a Juno IV vehicle family proposed the use of guided liquid-

propelled upper stages on the Jupiter booster. The power plants considered for these stages

were:

a. A proposed JPL 6000-1b-thrust engine, (pressure-fed, N20 4-N2H4, storable)

b. The Aerojet Able or Able/Star propulsion s_stem (7500-1b-thrust, pressure-fed,

IRFNA UDMH, storable)

c. The Bell HUSTLER power plant (15,000-1b-thrust, pump-fed, IRFNA UDMH,

storable, later used in the Lockheed Agena stage)

d. The General Electric 405 engine (33,000-1b-thrust, pump-fed, liquid oxygen-

kerosene, modified from the Vanguard first-stage power plant)

e. A proposed JPL 45,000-1b-thrust engine (pressure-fed NzO4-NzH4, storable)

ABMAfavored the pump-fed engines, while JPL preferred the pressure-fed power

plants.

Concurrently with the Juno IV effort, ABMAwas making studies, under the title JunoV,

of vehicles in the million-pound-thrust class which led eventually to the Saturn Project.

In mid-1958, the Advanced Research Projects Agency (ARPA) ordered the development

of both Juno IV and Juno V. In August 1958, ABMAwas authorized to proceed with the

l-I/2-million-pound-thrust, clustered-engine Saturn. In December 1958, JPLwas trans-

ferred to NASA while the yon Braun team remained under ABMA, and the Juno IV project

was cancelled. JPL's Juno IV effort is recorded in Ref. I.
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The mission and payload design studies made during 1958 gave evidence that useful

lunar and planetary experiments were barely feasible using payload weights available with

IRBM-based (50-ton class) vehicles such as Thor/Able and Juno IV. It was therefore decided

that future JPL deep-space missions should be based on ICBM (100-ton) boosters, although

this was regarded as a very risky and expensive step. The choice between Titan and Atlas

was made in favor of Atlas (Fig. Z) because flight tests of the latter had been started earlier.

The selection of upper stages for the Atlas, occurring simultaneously with the organi-

zational changes mentioned above, was complicated by many problems. In addition to the list

of rockets previously considered for Juno IV, the Centaur (30,000-1b-thrust, pump-fed, liquid

oxygen-hydrogen) was now available and was being proposed to the U. S. Air Force (USAF)

by Convair/Astronautics. Because of anticipated development difficulties due to the use of

liquid hydrogen in the Centaur, NASA decided that Convair should also develop an interim

stage, to be known as Vega, which would use the GE 405 liquid oxygen kerosene engine. JPL

studies, however, indicated that another stage would have to be added for the deep-space

missions, and early in 1959, NASA authorized development of a vehicle which would include

the JPL 6000-1b-thrust third stage for escape shots and would use only the first two stages

for launching Earth satellites. NASA established a contract with General Electric for the

GE 405 engine and with Convair/Astronautics for the second-stage development. JPL was

requested to build the third stage and the deep-space payloads, and to assume technical direc-

tion of the vehicle development.

During the summer of 1959, the Ames Research Center (ARC) of NASA was exploring

various prospects for the design of an attitude-stabilized meteorological satellite to be

launched by the two-stage Vega. One proposal was to use the Agena B satellite being developed

by the Lockheed Missile Systems Division (LMSD) for the USAF, without the propulsion sys-

tem. An earlier version, Agena A, was already being used in the ARPA USAF Discoverer

Program. In the course of examining the Agena B proposal, JPL personnel became convinced

that the Agena stage could be used in place of the Vega stage on the Atlas. Further studies

indicated that, for most missions, the Agena B (Fig. 3) would perform better than the Vega.

The turbo-pump-fed engine of the Agena B, powered by UDMH IRFNA, developed a 15,000-

lb-thrus_ and the system had a restart capability that could be used for transferring a space-

craft from a parking orbit into a lunar trajectory.

On December 11, 1959, NASA cancelled the Vega vehicle development and redirected

the efforts of JPL to designing the 6000-1b-thrust for propulsion research. The recommenda-

tions of a NASA group (which included JPL personnel) led to the establishment of the NASA

Atlas/Agena B program in February 1960, under the direction of the yon Braun team, which

by then had joined NASA as the nucleus of the Marshall Space Flight Center (MSFC).
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MAGNESIUM SHROUD

RAA/GER SPACECRAFT

....... .l

/ PAYLOAD-SUPPORT ADAPTER

._ FORWARD AGEA/A INTERFACE

..------.-.--FORWARD MIDBODY AND EQUIPMENT RACK

fPROPELLANT TANKS

s BOOSTER ADAPTER

_ AGEA/A-TO-ATLAS INTERFACE

ATLAS BOOSTER

Figure 3. Agena Injection Vehicle
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2. Plans for Launch-Vehicle Integration

JPL Specification 30331, issued on May 4, 1960, defined the spacecraft and system

requirements necessary to effect interface design between the Ranger spacecraft and the

Atlas/Agena launch vehicle. Definition of interface demarcation had already been agreed

upon by JPL, MSFC, and Lockheed Missiles and Space Company (LMSC), and certain basic

decisions had been reached on the interface equipment. Efforts were made to use existing

designs and the design experience of LMSC. Some of the decisions were:

a. A monocoque shroud, which was to be ejected axially in a forward direction, would be

utilized. This shroud was selected after consideration of the design, weight, fabrica-

tion, and contractual problems associated with an RF-transparent clam-shell shroud.

b. A spacecraft/Agena adapter section would be necessary to provide support for the

spacecraft, since the spacecraft shroud had to be larger in diameter than the Agena,

and since the spacecraft directional antenna required an extension in shroud length.

c. RF signals from the spacecraft would be monitored with the shroud in place through

the use of antenna-coupler systems instead of hard-line, quick-disconnect systems.

d. Shroud ejection would be effected by the use of existing LMSC explosive-actuated pin-

puller and spring devices.

e. To accomplish spacecraft sterilization, a sealing diaphragm and associated valving

would be incorporated in the spacecraft/Agena adapter.

f. An Agena retro-system design was agreed upon which would prevent the unsterilized

Agena from impacting the Moon.

g. The spacecraft would have a separate umbilical connector.

h. Agreement was reached concerning the launch-complex equipment to be employed.

The Agena B/Ranger spacecraft interface requirements are presented schematically in

Fig. 4 and Fig. 5. Note that the external RF system is used for prelaunch checkout purposes

only when the spacecraft is enclosed by the shroud. Failure coverage is provided from launch

to shroud ejection through the omnicoupler system, and from launch to Agena/spacecraft

separation through the modulation of a composite Agena telemetry signal.

Hardware developed for the mounting of the spacecraft on the Agena vehicle consisted

primarily of an adapter (Fig. 6), on which the spacecraft and shroud are mounted; and the

protective shroud (Fig. 7), which is ejected axially just before Atlas/Agena separation.

This ejection would avoid the need for further acceleration of its weight. Following the end

of the Agena second burn, the spacecraft would be injected into its trajectory, leaving the

adapter with the Agena.
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After spacecraft injection, it was planned that the Agena vehicle would perform a

180-deg yaw maneuver and a retrorocket would be fired to reduce its velocity in order to

prevent the Agena from impacting the Moon.

LMSC made several presentations concerning the shroud and spacecraft separation

mechanisms and dynamics. At these meetings, the final sequence of events from launch to

Agena retromaneuver was developed, and a better understanding of the shroud and spacecraft

separation dynamics was obtained.

A mockup of the adapter, shroud, and forward portion of the Agena vehicle structure,

reworked from an earlier (1960) LMSC model, was received at JPL in January 1961. Plans

for match-mate tests of the spacecraft and this equipment proceeded.

3. Launch-Vehicle System Description

The Atlas D/Agena B booster system was a 2-1/Z stage vehicle (Ref. 3), in which all

Atlas engines were ignited and stabilized prior to commitment to launch. The single Agena

engine was ignited twice in flight; first to accelerate the Agena spacecraft combination to the

velocity required to attain a circular orbit about the Earth, and then, after a suitable coast-

ing period in this "parking orbit," to accelerate the Agena/spacecraft combination to the

injection velocity necessary to escape the Earth's gravitational field and coast to the Moon.

a. Planned Sequence for Atlas. The Atlas D was a I-I/2 stage boost vehicle containing

five rocket engines that used a kerosene-like hydrocarbon and liquid oxygen as propel-

lants. At launch it had a thrust-to-weight ratio of approximately 1.25.

All five engines (two boosters, one sustainer, and two vernier engines) were ignited

on the ground prior to liftoff to ensure maximum reliability. After most of the Atlas

propellants had been consumed in flight, and before the vehicle acceleration attained

7 g, the two outboard booster engines were shut down and jettisoned; the vehicle con-

tinued on, powered primarily by the sustainer engine. When the required velocity for

the Atlas portion of the flight had been achieved, the sustainer engine was shut down,

and for a few seconds only the vernier engines provided thrust to stabilize the vehicle

and to achieve the precision velocity desired. The verniers were then shut down, the

Agena/spacecraft combination was separated from the Atlas, and the Atlas was backed

away from the Agena by two small solid-propellant retrorockets.

From liftoff until after booster-engine jettison, the Atlas was guided by an onboard

programmer and autopilot. For the rest of the Atlas portion of the powered flight,

guidance was accomplished by a radio guidance system that sent correction signals to

the autopilot, based on information obtained from a ground-based radar tracking station.

b. Planned Sequence for Agena. The Agena was a single-engine, dual-start, upper-stage

vehicle utilizing unsymmetrical di-methyl hydrazine as fuel and inhibited red fuming

nitric acid as oxidizer (Fig. 3). At first ignition, the Agena had a thrust-to-weight

ratio of approximately unity. Its flight-control system consisted of a programmer,

a reference gyro system, two horizon sensors, and a velocity meter. Elements of

the flight-control system were preset on the ground prior to launch. A ground-calculated
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discrete commandreceived via the Atlas radio-guidancesysteminitiated the timing

function for the Agena second burn; the Agena received no further guidance or control

signals from the ground subsequent to separation from the Atlas. The programmer and

the references provided the discrete events and the basic vehicle-attitude information

during coasting and powered-flight phases. The horizon sensors viewed the Earth and

updated the gyro information during flight to compensate for gyro drift. The velocity

meter, preset for the required velocity-to-be-gained by the Agena stage, determined

when the engine was to be shut down. The engine had to ignite twice in order to

accelerate the spacecraft to the required injection conditions, after which it was shut

down, and the spacecraft was separated from the Agena. After separation, the Agena

executed a yaw maneuver of almost 180 deg and was decelerated by a small solid-

propellant retrorocket to prevent it from impacting the Moon.

4. Interface Design Tests

Specifications and procedures for tests of the combined spacecraft/Agena systems were

prepared during 1960. The moving of each major assembly for both tests and flight items

was planned in detail (Fig. 8).

The tests relating to the Ranger/Agena systems interface which were conducted during

the BlockI portion of the Project (Ref. 4) indicated that the integration design was satisfac-

tory for flight.

a. Serrated-Plate Shear Connections. The design of the shear attachment between the

spacecraft and the adapter was investigated to determine whether to use a shear con-

nection involving close-tolerance, tight-fitting bolts and holes (suggested JPL design),

or a serrated-plate type (suggested LMSC design) which would permit some adjustment.

The basic design could accommodate either method, and hardware was fabricated for

both. Both designs were tested in the match-mate tests of Rangers I and II.

Structural tests indicated that the serrated plate type shear joint was satisfactory,

and since it could be adjusted for varying tolerances, it was selected for use on all

spacecraft.

b. Shroud Material-Qualification Smoke Tests. During March and April 1961, LMSC

conducted qualitative tests to demonstrate the acceptability of the materials used inside

the shroud. A number of the materials initially considered for this use were unaccept-

able because of the possibility of contaminating spacecraft surfaces by smoke or gases

generated by aerodynamic heating. These materials were replaced by nonsmoking

materials.

Results of the tests indicated that degradation of the reflective surfaces on the

Lyman-alpha mirror would be on the order of 10%. This was comparable to variations

resulting from the handling, storing, and testing of the samples and was considered

satisfactory for Rangers I and II. All other tests of the JPL samples indicated satis-
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C.

d.

e.

f.

factory transmissibility in the visible light range.

Shroud Ground-Coolin_ Tests. A demonstration of ground cooling of the shroud under

simulated spacecraft power dissipation was given at Lockheed (Van Nuys) in April 1961.

A cooling blanket was fitted closely around the exterior contour of the shroud, and vary-

ing quantities of air at controlled temperatures were pumped through ducts to the

blanket and distributed to annular ducts running around the shroud. Air flowing through

the annular ducts picked up both solar heat from outside, and spacecraft-dissipated

heat from inside the shroud and exhausted it to the atmosphere. The blanket was to be

left on the shroud until the missile actually lifted off the pad. A cable attached to the

umbilical tower would release the blanket along its entire fore and aft length, and, as the

tower moved away from the missile, would pull the blanket with it. It was expected

that a new blanket would be required for each flight because of the damage caused by

the missile exhaust.

The weather was sufficiently cool to allow Ranger I to be launched without a

cooling blanket. On Ranger II and subsequent flights, a cooling blanket was used with

satisfactory results.

Vibration Tests. JPL furnished a dynamic model of the spacecraft to LMSC in April

1961 for running a composite vibration test of the Agena/spacecraft adapter, the space-

craft, and the shroud. The purpose of the tests was to check the structural compatibility

of the assembly under simulated vehicle vibration.

The package was shaken in all three axes over a range of 6 cps to 6 kcps. Loads

varied from 1 g at the low ranges to 7. 5 g at the high range, with intermittent 0.5 g

levels at particular table-resonance conditions. The test provided accelerometer data

from each component - the shake table, the adapter, the spacecraft, and the shroud.

Data was also obtained from distance probes on both spacecraft antennas to deter-

mine the extent of bumping or interference; results indicated that the package was struc-

turally sound and that there was no interference. After the vibration tests were com-

pleted, the dynamic model of the spacecraft was sent to Lockheed's Santa Cruz test base

for use in the Agena hot-firing tests.

A_ena Hot-Firin_ Test. The hot-firing test was conducted in May 1961 on a space-

craft model instrumented %i th lZ accelerometers. All functions of the Agena were

monitored, and a normal countdown was followed. Acoustical measurements were

taken both inside and outside the shroud and data were obtained by use of both land-line

and telemetered signals. Both the first and second burns of the Agena were of full

duration. Results indicated that a working spacecraft would have survived the firing

tests satisfactorily.

Shroud Separation Tests. Shroud-separation tests were conducted by LMSC at its

Burbank facility. The adapter was mounted on a rigid steel framework, with the center-

line of the spacecraft in a horizontal position. The spacecraft was attached to the
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g.

h.

adapter with flight pins, ejection springs, and pinpullers. The weight of the space-

craft was supported precisely at its center of gravity by means of a cable running to

the building roof trusses approximately 65 feet above the floor. When the squibs in the

pinpullers released the spacecraft, the springs ejected it away from the adapter. The

precise movement was recorded by three high-speed motion-picture cameras aimed at

selected portions of the spacecraft. Shroud-separation tests were run in a similar

manner. The results of both tests indicated that no major difficulties would be en-

countered in actual flight.

Match-Mate Tests. Match-mate tests were conducted at JPL, using mockups of the

adapter and the shroud, and a proof test model (PTM) of the spacecraft. Although

no major difficulties were encountered, enough minor discrepancies were discovered

to warrant match-mate tests of flight hardware prior to its shipment to AFETR for

each mission.

Combined Systems-Compatibility Test. A combined systems compatibility test was

conducted at LMSC, Sunnyvale, during the early part of 1961, with MSFC providing

overall management direction. The purpose of the test was to demonstrate the mutual

compatibility of the Ranger I PTM and the Agena B 6001 vehicle. The test was con-

ducted in accordance with LMSC specifications and was divided into three major area_:

(i) The mechanical-compatibility tests were designed to go through, as completely

as possible, the operations necessary to mate the spacecraft with the Agena

shroud and adapter (Fig. 9), and to determine whether or not the ground handling

equipment was compatible with the flight hardware. The tests included the

following steps:

(a) The entire ground support equipment (GSE) complex was set up.

(b) The spacecraft was assembled and mated to the Agena adapter.

(c) The shroud was installed over the spacecraft.

(d) The spacecraft, adapter, and Agena were jointed.

(e) Complete R]F-interference tests were made of the assembly, first with the

shroud installed and then with the shroud removed.

Systems problems were uncovered, but they were primarily independent of the

match- mating.

(2) The Electrical-compatibility test was performed to determine if the spacecraft/

Agena adapter wiring was mutually compatible.

The spacecraft signals received via the Agena telemetry system were

observed to have an 800 cps component which interfered with spacecraft Channel 3

(Figs. 10, II, and 12). The tape made during the tests (Fig. 10) showed the

Channel 3 signal on the spacecraft modulation line both before and after it had

passed through the Agena (both at the same frequency). A dub of the recording of the

17



ED-333 Section I 

I 

F 

F i g u r e  9. Ins ta l la t ion  of N o s e  F a i r i n g  

18 



ED-333 Section I

Figure 10. Channel 3 Output
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Figure 11. Channel 3 Output taken from

LMSC Telemetry Tape
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Figure 12. Channel 3 Output on Agena Telemetry Signal
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(3)

Agena telemetry signal made by Lockheed during the test shows the same effect

(Fig. 11).

It was determined that the 800-cps tone was not caused by the instrumenta-

tion gyro in the spacecraft. Thus, the Agena telemetry signal contains an 800-cps

component which is 20 db greater than that in the spacecraft and only 6.5 db

below the Channel 3 signal. (Results of the analysis of the spacecraft and Agena

signals with an HP Model 302A wave analyzer are presented in Table II).

Another incompatibility (shown in Fig. 13)was an increase in amplitude

which occurred regularly every 40 to 45 sec on Channel 1 of the Agena telemetry

signal and nowhere else. This increase could have caused an error in the 400-

cps timing reference used in the decommutator and hence, in the decommutation

of the scientific data.

To resolve the 400 and 800 cps problems, LMSC performed an additional

test utilizing a JPL-furnished magnetic tape to simulate the audio telemetry

signal during an Agena 6001 systems test. When the reduced data failed to dupli-

cate the incompatible components, attention was redirected toward the associated

support equipment. The offending item was discovered to be a recorder.

The RF-compatibility test was used to determine the RF compatibility between

on-board electrical and electronic systems, and between on-board electronic

systems and certain simulated AFETR sources.

During this test, the Agena and the spacecraft were simultaneously put

through complete system-checkout runs while being exposed to a simulated

RF environment. Three different system runs were made. The first run was

accomplished without the shroud (Fig. 14); in the second, the shroud was in-

stalled but was removed manually (Fig. 15) at the time it is normally ejected

during flight. During the third run, efforts were made to simulate flight con-

ditions as nearly as possible. External monitoring cables were removed, and

the preflight countdown was simulated. At "liftoff" the spacecraft and Agena

urnbilicals were removed, and a simulated flight sequence was conducted.

The RF environment equipment, designed to simulate AFETR conditions

as nearly as possible, consisted of signal generators which fed directional an-

tennas aimed at the spacecraft. JPL acted as overall coordinator for the

environmental simulation. From approximately 24 hours prior to launch until

the shroud was to be ejected during the boost phase of flight, the spacecraft

would be completely enclosed in metal, i.e., the shroud, the adapter, and the

Agena forward equipment rack. This indicated a fundamental incompatibility in

that the antennas would not be radiating into free space; as a result, a large

voltage standing wave ratio (VSWR) would develop within the RF system (Fig. 5).
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TableII. Analysis of SpacecraftandAgenaSignals

Spacecraft Agena
Signal Signal, db Signal, db

Channel1 -iZ -12
Channel2 0 0
Channel3 -7 -6.5
Channel4 0 0
800 cps -33 -13

(4) Further tests were madeat JPL with the Ranger RA-I PTM and previously-

supplied mock-ups of the adapter, shroud, and Agena forward equipment rack. (These

mock-ups were considered to be reasonable approximations of the flight hardware. )

The results of these additional tests are as follows: (a) With a signal generator serving

as the RF power source, the results essentially duplicated those of the original LMSD

laboratory tests. (b) With the Ranger RA-I PTM as the RF source, the results dupli-

cated those obtained during the combined systems compatibility test.
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Figure 13. Channel 1 Amplitude Change
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As shown in Fig. 5, the spacecraft had three Rim cavities which provided

the RF power output through coaxial cables, two at 3.0 w and one at 0.Z5 w.

The feasibility of coupling a portion of this Rim energy from the antennas to the

exterior of the vehicle was established by MSImC, and the system design para-

meters were specified by JPL. Thus, two-way communication links were pro-

vided through an integrated R1 _ system.

The combined systems-compatibility test showed degraded performance

through the integrated Rim system, especially (as compared to the original

laboratory tests) through the high-gain-antenna coupler system. The power out-

put through the omniantenna to the parasitic-antenna system was 5 db less than

anticipated. It was 13 db less than anticipated through the high-gain-antenna

Agena umbilical connector system. (Values shown in Imig. 5 are the anticipated

value s. )

It was established that the large VSWIR in the spacecraft coaxial cables

(which is the load seen by the Rim cavities) was degrading the performance of the

Rim cavities. The mismatch detuned the cavity, with resultant reduction in

power output and the detuning caused a large and presumably detrimental in-

crease in the plate current. The performance of the Lockheed-designed and

installed RI m couplers was not degraded. The mismatch was alleviated by chang-

ing the length of the spacecraft coaxial cables so that each Rim cavity would ex-

perience as little mismatch as possible.

The objectives of the mechanical, electrical, and Rim-interference tests

were met. A number of minor problems were resolved during the course of the

test, and two incompatibilities, one Rim and one electrical, were uncovered which

required corrective action.

5. Ranger I Launch Preparations

The Ranger I spacecraft, Agena 6001, and Atlas lliD successfully passed a

joint flight-acceptance composite test (J-FACT) on July 13, 1961. The spacecraft was then

returned to the hangar for final preparation and system test, while the Agena and Atlas com-

pleted a flight-readiness demonstration (FRD) test. The desired launch period was July 26

through August 2, with a daily firing-time window extending from 0453 to 0537 EST. Because

of launch-complex electrical problems, the ImRD took place one day late; this slippage,

together with a no-go indication from range safety, forced a day postponement of the first

countdown. An additional day was lost because of spurious discrete command indications in

Later, it was determined from laboratory tests that the large plate current was not
detrimental since only the low-power mode of the cavities is used until T + 22 min

when the transponder power is turned up. (The shroud is ejected at T + 297 sec).
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the GINguidancesystem of the Atlas and an incompatibility in the guidanceprogram which
couldnot be immediately resolved. Sincethe necessarycomputerwasnot available, the
countdownwaspostponedstill anotherday.

Onthe fourth dayof the desired 8-day period, the first countdowntook place. During
the countdown,it was necessaryto replace anAgenainverter andto dry out somewet umbili-
cals; also, someoperationstook more time thanscheduled, so that the plannedhold times
were usedup. Nevertheless, the operationwas normal until T minus 83minwhen a momen-
tary power interruption causeda hold to be called to permit all stations to checkand recover
from its effects. During the next hour, several more electric-power dropoutsoccurred, and
much of the equipmentwas transferred to standbysources. At T minus 28rain, both indus-
trial andCapecritical powerfailed; 12rain later, the launchwas cancelled.

Thenext launchattempt was scheduledfor July 31. Early in the countdown,the
pressure in thespacecraft attitude-control nitrogen tankwas foundto be lower than it had
been2 daysbefore. The count continuedwhile the leak rate was confirmed, anda T minus
231rain, the launchattemptwas scrubbed. The spacecraftwas returned to the hangar, the
shroudwas removedandthefaulty componentreplaced, andflight statuswas regainedin
time to begincountingfor a launchonAugust i.

The third countdownbeganwell but slight abnormalities were observedin the behavior
of the spacecraft. At T minus 15rain a helium leak in theAgenaGSEhad to be corrected.
For thesafety of personnel, the liquid oxygen(LOX) was emptiedbefore the helium leak couldbe
stopped. Whenretankingwas attempted, a LOX GSEvalve malfunctionedand couldnot be
repaired before the launch time interval ran out.

A fourth attempt wasplannedfor August2, the final day of the launchperiod. Early in
the count, spacecraft controller Command2was turned onby groundcontrol for calibration.
Immediately all stations reported a major spacecraft failure, andthe countwas terminated.
Whenthe spacecraftwas returned to the hangarand the shroudremoved, it was apparent
that all, or nearly all, of the ten controller commands had been erroneously issued. All 22

squibs aboard had fired, releasing the solar panels, solar-corpuscular experiment boom, and

Lyman-alpha telescope. The high-gain antenna was extended (its mechanism was undamaged,

being protected by a slip clutch), and the friction experiment was running.

The expended components were quickly replaced, and the spacecraft, which had suffered

no damage, was restored to its original status. Since the cause of the malfunction was not

isolated in time for another countdown, the launch attempt was abandoned until one lunar

month later.

The period between the last attempted launching on August 1 and the actual launching on

August 23 was utilized to investigate the malfunctxons that had occurred during the previous

countdown, to modify the spacecraft in order to prevent similar occurrences, and to verify

spacecraft-system readiness prior to going to the launching pad. The investigation resulted

primarily in a modification of the spacecraft and adapter wiring to provide a lockout circuit

for the controller commands until separation from the Agena.
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The spacecraft, shroud, andadapterwere movedto the launchingpadonAugust21and
installed on the vehicle. Thefinal countdownstarted at 19:27EST, August Z2resulting in
liftoff 22 rain 10.26 secafter the start of the 63-rain launchwindow.

OnAugust 23 at 05:04:10.26 EST, the Ranger I was launched from AFETR (Ref. 5).

Vehicle performance through the parking-orbit phase was normal, however, a malfunction

in the Agena B propulsion system prevented the Agena second burn, thus leaving the second

stage and spacecraft in a slightly modified parking orbit.

6. Ranger II Launch Preparations

The Ranger II spacecraft, the Agena 6002, and the Atlas ll7Dwere mated for flight for

October 18, 1961. When the spacecraft power was turned on for on-pad checks, a malfunction

in the telemetry encoder was noted which resulted in the loss of two binary data channels.

The spacecraft was returned to the hangar, where the defective module was replaced and the

spacecraft remated in time for the first scheduled launch attempt on October 19. The count-

down progressed smoothly until T minus 45 rain, when an electrical malfunction was dis-

covered in the Atlas and the count was terminated. The trouble was later traced to a faulty

cable splice.

The flight was rescheduled for October 22 but was postponed to October 23 when it was

decided to replace some components in an effort to reduce the magnetic field at the magne-

tometer. During this period, components of the Lyman-alpha experiment were also ex-

changed in order to remove a source of intermittent noise.

The second countdown again proceeded smoothly to about T minus 40 rain, when another

cancellation was required because of a leak in the Atlas vernier-engine hydraulic system.

The next launch attempt could not be scheduled until October 25 because of time require-

ments for the Atlas vernier repair and interference of other projects on the Range. Prepara-

tions for the countdown had started when word was received from Lockheed that the Agena

could not be cleared for launch because of the inflight failure of a Discoverer on the previous

day, traced to abnormal drops in the hydraulic system pressure, which finally resulted in the

loss of engine gimbal control.

Ranger II was launched on November 18, after an unusually smooth countdown; the only

delays were for corrections of minor difficulties in the Agena umbilicals and in the Atlas

gox-tanking measurement.

The Atlas performance was completely satisfactory, despite a minor error in staging

time, and the Agena first burn {to acquire parking-orbit speed) took place on schedule. The

second burn did not occur. As in the case of Ranger I, the spacecraft was left in a low Earth

orbit {Fig. 16) instead of in the desired near-escape trajectory. Agena telemetry records

showed that the cause of the Ranger II failure was entirely different from that of Ranger I.

On Ranger II, the Agena roll gyro was inoperative throughout the flight. With no roll control,

the Agena depleted its attitude-control gas supply shortly after the first burn, and was tumb-

ling at the time of the second burn. The second-burn start sequence began on schedule;

the engine ignited but immediately shut down, probably as a result of gas ingestion caused
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by the tumbling motion.

7. Interface Design

The flights of Rangers I and II demonstrated that the design of interface equipment was

satisfactory, in that

{a) design requirements for spacecraft communications through the coupler

systems were achieved,

(b) design requirements for shroud and spacecraft ejection were met, and

(c) the shroud and adapter furnished protection against all the environmental

conditions of the launch phase.

The results of these flights, as well as the results of the interface tests, provided a

high level of confidence in the interface-equipment design.

B. RANGER BLOCK II

I. Compatibility and Match-Mate Tests

The desirability of again conducting a combined systems-compatibility test, which

would involve the mating of the Ranger Ill PTM and the Agena 6003 vehicle, was evaluated

in June 1961. It was decided that such a test would not be necessary, and that only inte-

gration design-verification tests would be scheduled.

The integration design-verification tests were performed at JPL from July 28 to

August 3, 1961. The only significant change between the Ranger I and III interface was in

the type and location of the omniantenna. This was the primary reason for making the tests.

The match-mate tests for Ranger Blockll were performed in essentially the same

manner as for BlockI, prior to shipment of the hardware for each spacecraft to the launch

site. Constant planning was necessary to schedule match-mate tests so they would fit into

the master schedules of both LMSC and JPL.

Match-mate tests of the Ranger IIl spacecraft with the flight adapter and nose fairing

were accomplished at JPL from October 25 to 27, 1961. The list of action items which

evolved from these tests mainly involved cabling, cable connectors, and pins; two of the

items, however, concerned shroud-installation procedures.

Match-mate tests for Ranger IV were partially accomplished from January 3 to 5, 1962,

at JPL. The tests were limited in scope by the fact that only the flight adapter was available.

(The flight shroud was not shipped to JPL because angle-of-attack instrumentation was being

installed at LMSC.) It was planned to make complete match-mate and RF checks at AFETR,

beginning about the middle of February 1962.

The electrical-harness pin-to-pin checkout, tests of the connection of spinoff plugs

and umbilical connector, and the mating of spacecraft to adapter were performed as scheduled.
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The RF portion of the tests couldnot beperformed becauseof the missing shroud;however,
a spacecraft functional checkout, release, andsimulated squibfiring were successfully
completed.

As hadbeenplanned, thematch-mating of the RangerIV flight hardware, including
spacecraft, adapter, and shroud, was satisfactorily completedat AFETR on March 8 and9,
1962.

Match-mate tests of the RangerV spacecraftusing the flight adapter andshroudwere
accomplishedat JPL from July 13to 15, 1962. Inadequatecablingwas againa problem. A
marginal clearancewas notedbetweenthe shroudandhigh-gain-antenna-actuatinggear box.

2. Interface Documentation

The JPLlaunch-vehicle/spacecraft interface documentfor Ranger, JPL Detail Specifi-
cation 30331,was revised twice (C andD revisions) during Blockll operations. This was a
classified documentwhich hadbeenwritten for RangersI through V andwhich hadbeen
revised twice before (A andB revisions) during the Blockl operations. Final requirements
for Blockllwere described in the "D" revision, datedDecember 21, 1961.

Operational support equipment{OSE)requirements were described in JPL Design
Specification 30583,publishedonMarch 8, 1962. Specifically, the requirements for mechan-
ical andelectrical supportequipmentonLaunchComplex12at AFETRwere coveredby this
document.

3. CountdownandLaunch
The risks of the Block II missions were accentedby failures of RangersI andII.

Nevertheless, preparations for the launchof RangerIII remained on schedule. Ranger III,
Agena6003, andAtlas IZID successfully completeda joint flight-acceptance and compatibility
test onJanuary 5, 1962at AFETR.

Preflight activities continuedon scheduleuntil January 19, 1962,when, during Atlas
fueling, the fuel-tank insulation bulkheadfailed. At first it appearedthat the mission would
haveto bepostponeduntil the February lunar opportunity, but Atlas personnel, working
aroundthe clock, madean ingeniousandunprecedentedrepair without removing the vehicle
from the pad. The flight was rescheduledfor January 26, andthe spacecraftTV camerawas
adjustedsothat January 27could also beused as a launchdate if necessary.

RangerIII was launchedfrom AFETR onJanuary 26, 1962. A failure in the Atlas
groundguidancesystem resulted in a late booster cutoff and in a loss of control over the
sustainer cutoff time which madeit impossible to compensatefor the excessvelocity accumu-
lated. Two programmedAgenaburning periods followed, andthe spacecraftwas injected into
an orbit in which it could intercept the Moon. The excess injection energywas too great for
correction by the rnidcoursepropulsion system, sothat the possibility of a successfullunar
impact mission was ruled out early in the flight.

The RangerIV launchcountdownproceedednormally, althoughminor holds were called
becauseof difficulties with the Atlas umbilical plugs and the GE guidancesystem.
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RangerIV lifted off from Complex12, AFETR, onApril 23, 1962. The spacecraft
impactedthe Moon63hr 59rain later. Launch-vehicleperformancewas flawless andall
range operationswentaccording to plan. The spacecraft, which was functioning normally
from launch throughinjection, failed sometime before SouthAfrican (mobile tracking station,
DSIF l) acquisition andfrom that time ondid not executeanyprogrammedfunctions or respond
to any commands. DSIF tracked the spacecrafttransponderuntil battery depletion I0 1/2 hr
after liftoff, andtracked the capsuletransmitter from that point to the Moon.

TheRangerflight series was interrupted during the summerof 1962to allow for the
launchingof two Mariner flights. Betweenthe arrival of the RangerV spacecraft at AFETR
onAugust27, 1962, andthe RangerV launchonOctober 18, 1962, all spacecraftpreparation
activities (prelaunchcheckoutsandfinal launchcountdown)took placewithin the anticipated
operationandlaunchschedule. Launch, initially rescheduledfor October 17, waspostponed
until October 18, dueto Hurricane Ella.

The RangerV spacecraftwas launchedfrom CapeKennedyonOctober 18, 1962, after
a smoothcountdown,in spite of high surfacewinds. Theperformanceof the Atlas/Agena B
launchvehiclewas near nominal, andthe spacecraftwas injected over the Indian Ocean
35rain, 39sec after launch (Fig. 17). The injection conditionswere well within the nominal
guidancedispersion region, sothat approximately40%of the spacecraft's midcourse correc-
tion capability wouldhavebeenrequired to obtaina lunar impact in the target area if the
spacecrafthad performed properly. The attemptedmidcourse maneuverwas not successful;
however, the spacecraft's trajectory carried it past thewest, or trailing edge, of the Moon
at 8 degbelow the lunar equator, with analtitude at closest approachof 452mi at 70.9 hr
after liftoff.

4. Launch-VehicleInterface

The integrity of interface designwas againverified by the results of all the Ranger
flights in BlockIl, andother problems in the launch-vehiclearea becamebetter identified.
Enoughflights hadoccurred, both in the Rangerprogram and in others, to provide a statisti-
cal basefor establishingdefinite long-term performanceandreliability characteristics. Con-
tinuing efforts were made to improve thesecharacteristics.

C. RANGERBLOCK HI

After the flight of Ranger V, activities in the RangerBlocklII program were marked by
sharply increased managementactivity. Key personnelin the project were givennewand
different assignments, responsibilities of launch-vehicleagencieswithin the NASAstructure
changedhands, and efforts of technical personnelwere concentratedonwhatwasdescribed as
a critical point in the Rangerprogram.
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Major inflight failures had been experienced with the Atlas/Agenaand spacecraft systems

in six out of the seven lunar and planetary flights attempted through Ranger V. Furthermore,

the launch-vehicle equipment failures and other problems which had been encountered during

prelaunch activities remained at an undesirably high level despite the many efforts put forth

to improve reliability in the system. The Ranger Project Office, therefore, in addition to

reviewing the spacecraft system, initiated action to extend the efforts toward obtaining this

increased reliability of the launch-vehicle system in view of the short time remaining before

the Block III flights were to begin.

Shortly after the Ranger V launch, when at that time a tentative one-month slip in the

Ranger VI launch was being considered, the Agena B Systems Manager, the Marshall Space

Flight Center, was asked in a number of communiques to revise the current plan for vehicle-

reliability improvement actions so as to exploit fully the extra time period. The need for

additional efforts in certain specific critical areas was outlined.

I. Change in NASA Cognizant Agency

During the month of January, 1963, NASA management of the Atlas/Agena launch vehicle

system was transferred from the Marshall Space Flight Center, Huntsville, Alabama, to the

Lewis Research Center (LeRC), Cleveland, Ohio. On January i0, 1963, Ranger project rep-

resentatives along with other people from the Laboratory held an initial meeting in Cleveland

with key Lewis people who had been assigned to handle the Agena Project. JPL representa-

tives reviewed the Ranger and Mariner projects, including past performance results of the

launch-vehicle system; and discussed at length the major areas of concern relative to vehide

reliability.

2. Coordination of Plans

Intense efforts were made by JPL to determine the feasibility of immediate launch-

vehicle irnpr ovem ents.

a. A coordination meeting was held at JPL on January 23 to 24, 1963, in which representa-

tives from NASA Headquarters, MSFC, LeRC, SSD, and JPL took part (Ref. 6). Dis-

cussions were carried on concerning the results of the Ranger spacecraft design reviews.

It was decided that more redundancy was to be incorporated in some spacecraft sub-

systems, and some spacecraft structural elements were to be strengthened. Both of

these changes contributed toward an increase in the spacecraft weight to a total value

lying between 800 and 825 ib; consequently, ways were sought to increase the vehicle

boost capabilities and to improve the efficiency and reliability of the existing design.

A list of action items for the various agencies evolved from this meeting.

The basic objective of the meeting was to decide upon proposals to maximize the

probability of mission success. Previously, on December 21, 1962, JPL had requested

MSFC, by letter, to determine what Agena performance improvements could be imple-

mented in sufficient time to support the next Ranger launch, assuming there would be

no sterilization requirement - thermal or terminal. At this meeting, the MSFC evalu-
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ation of the LMSC letter (A340683/91-21) was presented in response to this request.

MSFC believed that the Agena inert weight could be reduced by 25 lb by saving 28 in the

adapter, and 7 by using the light-weight "C" band beacon. If more improvements were

required, some of the Atlas improvements, which had been previously evaluated for the

Mariner R requirements, could be implemented in time for the Ranger launches in 1963.

These were enumerated as follows:

Atlas Performance

Characteristic

Performance

Improvement (Ib)

(4)

(1) Use light-weight telemetry 7

(2) Optimize pitch program further 10

(3) Reduce parking-orbit altitude from

100 to 92 nautical miles

Use booster steering

Total

13

20

5O

Therefore, a total of 85 lb more of launch-vehicle injection capability could be

made available if JPL were to require it. An analysis was made of the order in which

Agena vehicles 6006 through 6009 should be utilized to conduct the next three Ranger

launches, considering their present degree of completion, the number of changes re-

quired, and lead times for hardware. All work on Agena 6009 had been stopped, pend-

ing reprogramrning decisions. Economic considerations were to be included by MSFC

in their recommendations, and LMSC was to provide new performance figures for pre-

ferred vehicle utilization as soon as NASA approved the new launch schedule. JPL,

in keeping with the then-current spacecraft-design philosophy, felt that every possible

effort should be made to provide vehicles of identical configuration for each block of

planned launches. MSFC recommended replacing the Agena B with an Agena D in order

to use Agena D s exclusively in the Ranger 1964 series.

JPL's letter of December 21, 1962 was followed by another letter in which, taking

into consideration the substantial delay in the launching of the next Ranger, JPL had

requested MSFC to incorporate changes in both the Atlas and the Agena that would in-

crease the reliability of these vehicles. On January 15, 1963, MSFC had responded

with a plan of action, and this plan was restated at the meeting. JPL again stressed

that, with a delay in launch schedule of nine months, a considerable time period was

now available to accomplish some of the major reliability actions already recognized

and proposed by other agencies, notably in the GE guidance area. A major portion of

the recommended requalification test program could be accomplished prior to the next

launch, and new airborne equipment could be installed on the Atlas for that launch.

JPL suggested that vehicles for the next Ranger flights - in particular for the first

flight - be selected on a basis which would allow the application in depth (down to the
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b,

3o

a.

component and subsystem level, if possible) of more rigid procedures for quality con-

trol, testing, test history review, and final product acceptance.

In the area of spacecraft/Agena interface, JPL thought some improvement in the

inherent reliability might be possible. It was suggested that with the elimination of

sterilization as a requirement, LMSC should, while modifying the adapter to a lighter-

weight configuration, also determine the reliability effects of relaxing certain interface

sealing requirements on the shroud-ejection and spacecraft-separation systems. A

review of the interface electrical-connector design was also deemed desirable.

JPL reiterated interest in the recently measured torsional-vibration environment

generated by the Atlas upon booster engine shutdown, and its adverse effects on the

Agena stage. It was pointed out by MSFC that LMSC was in the process of evaluating

the Atlas data and its potential effect upon the Agena, but had reached no conclusions

as yet.

A Ranger quarterly review meeting was held at JPL on February 19, 1963 with NASA

Headquarters representation. That portion of the meeting concerning launch-vehicle

plans showed that basic reorganization was still taking place. Specifically:

(I) A tentative LeRC organization for the Agena project was presented,

(2) The role of SSD was to remain unchanged until the Seamans-Schriever agreement

had been signed,

(3) The Goddard Space Flight Center (GSFC) launch organization was to get a new

charter since the relationship between LeRC and NTSO was not Clear.

Discussions encompassed the role of technical panels, the NASA and JPL contrac-

and atual relationships with LMSC and GDA, the role of LeRC field representatives,

detailed review of launch-vehicle action items.

Interface Changes and Review

The "B" change to Specification No. 30947 was released on March 15, 1963, to reflect

the current Ranger Block III requirements. In the absence of more definite information

regarding the adapter diaphragm, it was to remain essentially as it was on the Block I

and II missions. If a decision to remove the diaphragm were to be made, a further

change would be required. The changes were all identified and listed in the front of the

specification.

The "C" revision to the Ranger Block III Interface Specification was released on

September 15, 1963. The revision was necessary primarily because of the decision to

remove the heavy fiberglass diaphragm from the adapter. Other changes were made in

the specification to reflect the current requirements of the Block Ill program.
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b. At a quarterly review meetingat JPL onMay 21, 1963,possible scheduleslips were
discussedat length. Designchangeswere decidedupon, andnotification was given
that Block III launcheswould bemadefrom Pad 12only.

Thelast quarterly review prior to the launchingof RangerVI was held at JPL on
August13, 1963. Information concerningthe launch-vehicle aspectsof the forthcoming
flight waspresentedby the Lewis ResearchCenter. All of the required Atlas improve-
mentswere to bemadefor the flight, andthe booster steering capability wouldbeavail-
able if desiredby JPL.

4. Launch-VehicleReview

In a letter to the AgenaSystemsManager, Lewis ResearchCenter, datedMarch ii,
1963,the RangerProject Manageroutlined all the recommendationswhich hadbeendeveloped
by the Laboratory for improving the reliability of the Atlas/Agena, andwhich were believed
to be essential to maximizing the probability of mission successfor RangerBlock III launches.
The assistanceof members of the Laboratory's technical staff was offered to the Lewis Re_
search Center.

The letter of March II to the AgenaSystemsManagerwas followed by another letter
datedMarch 26, 1963, from the Assistant Laboratory Director for Lunar andPlanetary Pro-
jects, emphasizingthe very great importance that the Laboratory attachedto the implementa-
tion of the recommendationsoutlined in the March II letter. Concernwas also expressed
over possible personnelandprocedure problemswhich might result from a too-rapid change-
over in organizational responsbilities.

In a teletypedmessagetransmitted onApril 22, 1963, the RangerProject Manager
advised theAgenaSystemsManagerof his desire to conducta comprehensivedesign review
of the Atlas/Agenalaunch-vehicle system for the RangerProject as soonas practicable, and
to have JPL peoplewhowere experiencedandknowledgeablein the launch-vehicle area pre-
sentat the review.

The requestedlaunch-vehicle system review for RangerBlockIII missions was con-
ductedby the AgenaSystemsManagerat the Lewis ResearchCenter, Cleveland, Ohio, on
June 3, 4, and5, 1963,with the JPL review board in attendance. The board prepared and
issued a report datedJuly i, 1963(Ref. 7), summarizing andassessingthe Lewis plan of
action as presentedin the Junedesign review. Included in this report were a number of
technical andprogrammatic recommendationswhich the board felt wouldmeasurably improve
the Lewis plan.

5. Launch-VehicleAction Items

A systemwasdevelopedin the Launch-Vehicle Sectionin October 1963to expedite the
solving of interface problems. As anadministrative tool, anup-to-date list was maintained
andissuedperiodically, showingthe status of outstandingaction items. Copiesof this docu-
ment were sent to NASAHeadquarters, Lewis Research Center, and Lockheed.

This systemprovedto be very valuable in establishing the current status of any partic-
ular action item at any giventime (AppendixK).
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6. Ranger VI

Match-mate tests of the Ranger VI spacecraft with the flight adapter and nose fairing

were held September 4 to 7, 1963, at JPL. An extensive list o£ action items resulted

from these tests. It was noted that the clearance between the shroud liner and the solar-

panel hinges was so critical that it was necessary to install recesses in the liner.

Ranger VI was launched on January 30, 1964, on the first countdown of the launch

period. The launch countdown proceeded normally; however, several minor holds were

called because of Atlas fuel-tanking operations and GE ground guidance problems. The

performance of the Atlas 199D/Agena B 6008 launch-vehicle system was nominal through

all flight phases leading to injection of the spacecraft on the lunar trajectory.

Nearly perfect booster-coast apogee conditions resulted from the Atlas performance.

Booster-steering capability was available, but it was not necessary to use it. Atlas Agena

separation was normal.

All Agena subsystems performed in a nearly nominal manner throughout the upper boost

phase of flight. New items on board were the Hercules ullage rocket and a new type of power

converter; both operated normally. Agena/spacecraft separation and Agena maneuver events

were normal. Trajectory studies showed that the Agena vehicle passed the Moon on the trail-

ing side, but within its effective gravitational field.

Flight of the spacecraft appeared normal until 10 rain before impact on the Moon. At

this time it became apparent that full TV power had not been switched on as it should have

been, and no pictures were obtained from the mission.

After the Ranger VI flight, questions were raised regarding the possible effects of the

launch-vehicle and the launch-to-injection environment upon the operation of the spacecraft.

Investigations were started in April 1964 in the areas of electrical transients, accumulated

high-electrostatic charges, mechanical and electrical operations of the umbilical plug and

door, ionized gases, and blast waves at booster ejection. It was intended to determine,

through these investigations, whether these environments could have affected the operation

of the Ranger VI TV circuits, and whether the changes introduced on the Ranger VII space-

craft would preclude any deleterious effects because of the above mentioned phenomena.

Extensive analyses and tests of Ranger spacecraft susceptibility to high-voltage

charge and discharge transients were performed to determine whether charging of the

spacecraft and launch vehicle due to the rocket engines, or subsequent discharge of a

charged vehicle to clouds or exhaust trail, could create a mechanism for spacecraft degra-

dation or failure. Since the shroud around the spacecraft is not a perfect conducting surface,

some field will exist inside it and will be available to induce voltage into spacecraft circuitry.

Tests were conducted on the Ranger spacecraft TCM to determine the magnitude of in-

duced transients into typical spacecraft circuitry and to evaluate the possibility of these

transients as failure-producing effects. Although the transients developed during the tests
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were not of sufficient magnitude to constitute a probable cause of catastrophic failure, the

possibility did exist that these conditions could cause a temporary malfunction of a live space-

craft. As a result, the proof test model in the Ranger VH configuration was also subjected

to this high-voltage environment. No temporary or permanent malfunction or failure oc-

curred on the PTM during these tests.

Some spacecraft lines from the umbilical to subsystem circuits were shown to be

sensitive to electrical transients during tests of the PTM in the Ranger VII electrical con-

figuration_ but no anomalies similar to the Ranger VI events were noted.

One recommendation resulting from the investigations thus far was that launch vehicles

be instrumented to provide actual and accurate flight data in order to understand the flight

environment better and to more specifically determine the electrostatic charging and dis-

charging rates. Investigations of the suspected potential problem areas continued.

7. Ranger VII

Match-mate tests of the Ranger VII spacecraft with the flight adapter and shroud were

performed at JPLOctober 15 to 17, 1963. A spacecraft dummy run was made on October

18 and 19, using the flight adapter and shroud.

The possibility of contamination due to the spacecraft pyrotechnic system was raised

by LMSC. The Lockheed Receiving Inspection Group found contamination of some sort on the

Agena adapter upon its return to Sunnyvale. Questions were immediately raised as to whether

the spacecraft was contaminated also, whether pyrotechnics tests should be performed on

flight equipment, and, basically, as to the nature of the contamination. All of these questions

were finally resolved.

The first attempt at launching Ranger VII was delayed essentially because of a GE

ground guidance problem. The second attempt on July 28, 1964, proceeded smoothly and re-

sulted in the successful launching of the spacecraft.

The Atlas 250D/Agena 6009 launch-vehicle combination, together with the radio guidance

system, placed the spacecraft on a coasting trajectory well within the injection require-

ments. All vehicle subsystems performed within tolerance.

Radio-guidance steering of the Atlas during the boost phase was effected for the first

time on a NASA mission. Prior to the first steering signal the vehicle was traversing a

Z.6o lofted trajectory. Steering commands were sent for 3 sec during the booster-steering-

enabled period of 100 to 110 sec to turn the vehicle a total of 1.68 des down, and back on

course. At sustainer-engine shutdown_ the Atlas contained enough propellants for 4.8-sec

additional operation at rated thrust.

The Agena performed satisfactorily throughout both coasting and thrusting phases_

delivering the spacecraft to the injection point with 35 ft/sec excess velocity. This, how-

ever, is within the capability of the spacecraft midcourse system to correct the trajectory
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to that desired. At injection the Agena contained enough propellants for 2.3-sec additional

operation at rated thrust.

The Ranger VII flight was the first completely successful Ranger mission. Outstanding

mission accomplishments were the text-book operation of the launch-vehicle system, the

precision of the midcourse maneuver, and the transmission of 4316 video pictures of the

lunar surface.

8. Ranger VIII

Match-mate tests of the Ranger VIII spacecraft and the LMSC flight adapter and

nose fairing were held from February ii to 14, 1964. Special inspection procedures were

carried out to ensure that there would be no contamination of the adapter due to the firing of

squibs in the JPL dummy run.

Preliminary data showed that the combined-spring-rate constants using adapter 6006

were not compatible with results of other match-mate tests. JPL, suspecting a crack

either in a spacecraft leg or in the adapter, carried out further tests on the spacecraft.

After verifying its integrity, JPL requested that the spring-rate portion of the tests be per-

formed again. This was done at JPL during April 20 to 22. Discrepancies were found in

the fabrication of the adapter.

When it became apparent after the flight of Ranger VII that the launch schedule would

be delayed, JPL requested that match-mate tests be performed again on Ranger VIII. These

tests were accomplished from October 29 to November 5, 1964. Minor difficulties were

found in the R_- cabling losses and in the Agena umbilical door-closing operation.

Launch-countdown operations for Ranger VIII were exceptionally smooth. At T minus

I00 min, a 10-rain hold was called to remove a signal flag which had been left inadvertently

on the Atlas. There were no holds charged to the Ranger Spacecraft.

The Ranger VIII/Atlas 196D/Agena B6006 space-system vehicle was lat_nched, as sche-

duled, on the first day of the launch period. Liftoff occurred on l_ebruary 17, 1965, less

than one second into the window.

All Atlas 196D discretes were close to nominal. The residual propellants corres-

ponded to a 4.97-sec burning period. Downward booster steering was employed during the

flight. The indicated booster lofting was 1.6 J. The GE guidance canisters were soft-

mounted on this vehicle for the first time.

Heat-protective paint was applied to certain regions of the booster skin to reduce

temperature; the effects of the paint were noted and tabulated. At booster engine cutoff,

BECO, a shock of 60 g peak-to-peak was seen by the rate beacon. Two telemetry measure-

ments were lost in the flight.

No major anomalies were observed in the Agena for the Ranger VIII flight. A re-

furbished engine had been incorporated in the final flight configuration after its long
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delay in storage; additional fuel was foundto be necessaryfrom the results of a series
of tests anda studyof the engine's performance. There was evidence that a failure oc-

curred in the helium pressure regulator at T + 60 sec. Helium leaked through the regulator

and was dumped through the oxidizer spill valve. This was believed to be a random failure,

but the possibility that it was caused by vibration, occurri;lg after the transonic period was

to be investigated.

Several minor anomalies were recorded for the flight. The umbilical door closure on

the Agena adapter was monitored by motion pictures at liftoff. The door appeared to bounce

before it finally closed and latched. Two temperature measurements were lost at launch.

The fuel-tank pressure transducer read low, apparently because its vent port was plugged.

It was suggested that an inspection label remained over the port. Data from the transducers

were usable.

The mission of Ranger VIII was completely satisfactory in all respects.

9. Ranger IX

Match-mate and spacecraft tests utilizing the flight adapter and shroud for Ranger IX

were performed at JPL from December 21, 1964, to January 4, 1965. The test sequence

for measuring the clearances between the shroud liner and the hinge points on the solar

panels had to be performed twice. Since the spare set of solar panels was machined dif-

ferently at the hinge points, the flight panels and the spare panels required separate tests

(with the panels mounted on the spacecraft).

Launch operations were normal and continued smoothly. Minor holds were called be-

cause of Agena velocity-meter checks and because of incomplete blockhouse tests.

The Ranger IX/Atlas 204D/Agena B6007 space-system vehicle was launched as sche-

duled on the third day of the launch period. It had been decided that there would be no

attempt to launch on the first two days of the launch period because of relatively poor light-

ing conditions at the most desirable target point on the Moon. Liftoff was on March 21, 1965,

26 min after opening of the window.

The Atlas 204D flight was nominal. Residual propellants represented 6.0 sec of

remaining burning time. The Atlas trajectory was lofted 2.4 (Y at I00 sac, and booster

steering occurred at I00.2 sec. A shock observed at T + llZ sec seemed to be the only

unexplained anomaly.

A suspected prevalve closing that occurred on a Surveyor/Atlas about two weeks

earlier led to the use of a small wedge in locking all Atlas prevalves, including Atlas 204D,

open. No trouble was experienced in this area during the Ranger IX flight.

All primary and secondary Agena objectives were met on the Ranger IX flight, and

Agena performance was satisfactory in nearly all respects. A refurbished engine was used

(as on the Agena B6006) to retain high flight reliability in spite of long storage.
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Severalminor anomaliesoccurred during the launchphase. It wasdefinitely deter-
mined that the spacecraft/adapterumbilical door did not latch in the closedposition during
flight. PL 33, a tangentialaccelerometer, andPL 34, anaxial accelerometer, exhibited
erratic behavior during the Atlas-poweredflight (T+40to T+60sec). PL 35, another
tangentialaccelerometer becameerratic during the Agenaburns, but useful datawere
obtained. The needfor a better low-frequencyaccelerometer systemfor future flights
becameapparent.

D. BLOCKSIV AND V

I. Plans for Additional Missions

Plans had beenmadefor continuingthe RangerProject by implementing the Block IV
andBlock V missions as approvedby NASA. Theseplanshadbeenmadecontinuouslywithout
jeopardizing the Block Ill missions. Guidelinesand scheduleswere keptup to dateandwere
distributed to cognizantpersonnelat all levels.

2. Cancellationsof the Missions

Ranger Block IV, plannedas a series of three flights, andRangerBlock V, plannedas
a six-flight series, were cancelleddueto budgetreasonsby NASA'sOffice of SpaceSciences
in July andDecember, 1963, respectively.
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SECTION II. INTEGRATIONREQUIREMENTS

A. DESCRIPTIONOF REQUIREMENTS

From the standpointof launch-vehicle/spacecraft integration, the mannerof estab-
lishing mission requirements andthe method of accomplishing compliance with these re-

quirements appeared to be fairly straightforward problems. It was clear from the beginning

that there could be only one source for the emanation of mission requirements; therefore

a unilateral document defining these requirements was issued. Split authority or joint

responsibility would not have been consonant with the "Project" concept; i.e., of operating

under one director.

1. Document Eormat

It was found that the format of Military Specifications (MIL-SPECS) very closely fitted

the outline of requirements and restraints which was required by the Launch-Vehicle Inte-

gration Section. It should be pointed out that at the time of definition of these particular re-

quirements and restraints, a specific booster system had been chosen for the mission and

that each area of integration effort might (and probably would) overlap certain other areas of

effort because of the complex interrelationship of all phases within the project.

Within the interface document, it was found to be mandatory (in order to expedite the

exchange of information) to provide a general description of the launch vehicle and its

capabilities, the mission trajectory with altitude requirements, and the mission end ob-

jectives which the spacecraft was expected to satisfy. The document defined all known areas

of integration requirements and of possible areas of interference. It included intangibles

(software) such as atmospheric and environmental relationships, as well as tangibles (hard-

ware) including mounting techniques and cable-connector locations.

2. Definition of Systems

The relative positions of the launch vehicle, spacecraft, nose fairing, and adapters

in an assembled configuration were provided to show the interface areas and the relationship
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of reference systems (Fig. 18). Definition was made of a sequence of flight events showing

all the programmed items which were reflected through the interface. All operations of

spacecraft mechanisms or electrical circuits that could interfere with the launch vehicle,

and all launch vehicle operations that could interfere with the spacecraft were identified.

The requirements for obtaining tracking coverage and for establishing RI v links were

specified. Tracking of the launch vehicle for spacecraft purposes, and establishing command

communication with the spacecraft while it was enclosed within the shroud required the inte-

gration of cabling, switching, and antenna designs. Requirements for the reduction and

dissemination of data were also outlined.

3. Mechanical Interface

The spacecraft properties of mass, including the weight, center of gravity, moments

of inertia, and products of inertia were specified within given tolerances. Other informa-

tion on the interface area, such as spacecraft bending, shear, and stiffness factors, was

made available separately in more detailed documents.

An arrangement drawing of the spacecraft, adapter, and nose fairing, showing the

locations of interface connectors, ducts, umbilicals, and antennas was provided. Sealing

and RF transmitting requirements were indicated, and static and dynamic clearance re-

quirements were specified by showing their limiting envelopes. Production

tolerances, flight vibration, bending, and maximum variations in the separations systems

were taken into account in establishing maximum limits.

Separation requirements and restraints were specified for nose-fairing ejection and

for spacecraft separation. These included attitude-turning rates, clearing rates, and

distance-time relationships.

4. Electrical Interface

The electrical requirements in the interface area included a listing of the spacecraft

instrumentation, and of the launch-vehicle instrumentation within the spacecraft compart-

ment which was to be telemetered over the launch-vehicle RF system during the boost phase

of flight. A chart was preparedCTable III} specifying the measurement range and data respons,

of each instrument. Electrical circuits were transformer-isolated (Fig. 19}.

Requirements for redundancy were specified for all circuits that activated mechanisms

for nose-fairing ejection and for spacecraft separation. Restrictions were placed upon the

type of electrical disconnects allowable and upon the methods of making RI _ connections.
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Electrical interfaces on the launchcomplexwere detailed in separateJPL specifi-
cations (Fig. 20).

5. Environmental Restraints

Thermal limitations were placed upon the spacecraft environment to safe-

guard proper operation of components, and to prevent the excessive outgassing of materials

with resulting contamination under the combined effects of high temperature and vacuum.

LMSC was made responsible for all the necessary ground-cooling facilities as well as for in-

flight protection against excessively high temperatures.

Restrictions were placed upon the selection of materials to be used in the interface

areas. Since the performance of instruments, cameras, temperature-control surfaces, and

solar panels would be degraded if excessive outgassing and smoking occurred, the permitted

concentration of particle size was generally specified. This was done either by identifying

an acceptable filter and flow rate, or by specifying the allowable concentration of particles

within a given range of micron sizes.

Radio-frequency interference (RIll) requirements were specified in the required test

procedures. Generally, the objectives of these tests were to:

a. Determine sub-system susceptibilities, and

b. Determine system capabilities with all subsystems operating simultaneously.

Operation of the equipment was tested, with the equipment subjected to radiated or conducted

transients, cross-modulation, or inter-modulation. The complete identification of all

radiating equipment in the system was necessary. Identification was to include frequency

bands and voltage (power) levels.

Miscellaneous environmental requirements were specified in regard to permissible

accelerations (applied loads), acoustical noise, vibration levels at specified frequencies, and

shock.

Since realistic values were unknown for many of the environments, there were re-

quirements in the document for instrumenting the launch vehicle with a view toward com-

piling comprehensive data for future flights.

6. Test Requirements

Test requirements included specific "type-approval" verification tests and final

match-mate tests of all flight equipment involved in the interface area. Verification tests
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included static and dynamic tests to ensure the structural integrity of all components, and

separation tests to verify clearances and proper performance. Match-mate tests included a

"ring-out" of cabling, mechanical mating of the spacecraft/adapter and nose fairing to the

Agena forward equipment rack, and RF checks through each of the antenna couplers.

7. Supporting Requirements

It was requested in the "Notes" section of the document that adequate programs be

installed at each facility to ensure a completely unencumbered exchange of information and

to provide an immediate response as soon as a need was expressed. Mandatory exchanges

of reports and information were specified in some cases. These included periodic weight

reports, test plans and results, and the minutes of meetings.

B. JPL INTERFACE DOCUMENTS

The launch-vehicle integration requirements for Ranger were published throughout

the program in the form of JPL specifications. The first document, JPL Specification

30331 was classified; it was published initially on May 4, 1960. With the various changes

and revisions that were made necessary from time to time, it se2ved its purposes for

Blocks I and II. By authority of EPD Z0, dated January 2, 1961, Specification No. 30331

with changes A, B, and C, and Pre-release Change D were downgraded to "Unclassified"

May 24, 1965 (Table IV).

The document used for accomplishing Block III launch-vehicle integration was JPL

Specification 30947. The classified portion of 30331 was removed from the text, and with

the requirements and restraints brought up to date, it was found that the document had

more extensive use and provided more timely information in the unclassified form. Changes

in requirements occurred from time to time and were published as deemed necessary.

Engineering Document A-161 (EDA-161) presented the launch-vehicle integration re-

quirements for Block IV in a new format. The change from the format of specifications was

made in order to include requirements or limitations of the launch-vehicle system as well as

those of the spacecraft, and to include requests and recommendations of a general and

"joint interest" nature. Since the Block IV portion of the Ranger program was cancelled,
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Table IV. Launch Vehicle/Spacecraft Interface Requirements

Document Release Date

Blocks I and H:

JPL Specification 30331

(clas s ified Confidential)

A Change

B Change

G Change

D Change (Pre-release)

4May 1960

6 June 1960

18 January 1961

5 August 1961
Zl December 1961

Block IH:

JPL Specification 30947

A Change

B Change

C Change

D Change

30 January 1962

26 October 1962

15 March 1963

15 September 1963

14 July 1965

Block IV:

JPL Engineering Document A
(EDA- 161)

i0 June 1963

Block V:

JPL Engineering Planning Document
(REO- 18Z EPD)

2 October 1963
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this document was never published formally.

Engineering Planning Document 18Z (EPD-182) contained, for purposes of launch-

vehicle integration, the mission requirements which were imposed upon the launch vehicle,

upon the aerospace ground equipment, and upon the supporting facilities by the Ranger

Block V program. The necessary tests and test equipment which were deemed to be neces-

sary to ensure compliance with the requirements were also presented.

The essential purpose of the EPD was to coordinate the efforts of Northrop Space

Laboratories (NSL), as the spacecraft fabricator, with the launch-vehicle contractor through

JPL and the Lewis Research Center. Significant changes appeared in the requirements for

exchange of information, inspections, and methods of conducting engineering Haison. The

document was never actually released, due to the cancellation of Block V in the Ranger

program.

C. LAUNCH PAD

1. Basic Requirements

The primary requirements for the design of the Ranger Ground Support Equipment

(GSE) installation at Launch Complex lZ were presented in JPL Specification No. 30533,

dated June 24, 1960 (Table V). This specification covered the design criteria for the

physical facilities needed, as well as the mechanical and electrical requirements for the

support equipment to be used prior to launch. Communications had to be established with

the spacecraft on the launch pad to perform loop checks and to make sure that spacecraft

circuitry and mechanisms were in the proper firing mode.

The cabling, J-Boxes, adapters, and miscellaneous equipment required in the umbili-

cal tower, launch pad, and blockhouse areas were specified as were the methods of emplacing

and inspecting equipment in the completed installation.

Z. Changes in Design

Several design changes were scheduled for the spacecraft or "payload" portion of

AFETR complex lZ cable installation to meet the requirements of both the Mariner Mars

Program and the remainder of the Ranger Program (Rangers VIH and IX). In addition to

the equipment design changes, a functionally identical installation was planned for Complex 13
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Table V. Launch Pad Interface Requirements

Mi s s ion Spe c ifica tion Date

RAI&Z

RA3,4,&5

Ranger Block III

General

JPL Specification No. 30533

"A" Revision

"B" Revision

JPL Specification No. 30564

JPL Specification RCG-30583-DSN

"A" Revision

"B" Revision

JPL Specification No. 30768

Z4 June 1960

Z August 1960

24 January 1961

Zl April 1961

8 March 1962

18 December 1963

15 July 1965

3 June 1963
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primarily to establisha dual countdowncapability. Becauseof the tight schedulesbetween
programs, maximumconsiderationwasalso given to designcompatibility betweenthe
Rangerand Mariner Projects. Basic differences betweenComplex12and 13were resolved
in the JPL system-hardwaredesignwhile maintaining the direct interchangeability feature
of "like" JPL-supplied equipmentfor eachcomplex.

Sincethebasic philosophygoverningspacecraft launch-complex-systemdesignapplied
to all current programs, andsince muchof the electronic-control equipmentwas identical,
a general designspecification was released (JPL SpecificationNo. 30768)establishing the
minimum requirementsfor electrical systems oncurrent programs. This specification
served as botha reference anda basis for the more detailed specifications which were
issuedfor eachprogram, and it detailed the basic philosophiesgoverningsystem design
for operational support equipment.
a. Boom cables. With the activation of Pad 13 for spacecraft use, consideration was

given to improving the design of the cable link between the spacecraft and the first

JPL equipment interface (the umbilical-tower junction box). Design improvements

were made and were incorporated on both Pads IZ and 13 for the use of Mariner Mars

and Rangers VIII and IX.

Although the total cable length between the spacecraft and the umbilical-tower

J-box was increased from 50 ft to approximately 87 ft by the new routing of these

cables, several advantages were realized and many undesirable features were

eliminated by a change in individual cable design. The original Pad 12 installation

required the use of a special cable retractor which pulled the 50 ft catenary (boom)

cables clear from the retracting boom during launch. The advantages gained were

obtaining a minimum cable length (50 ft), and

of interfaces. The new installation used 75 ft

boom (although still replaceable). The added

an installation using the least number

cables permanently routed down the

length and the extra boom plate interface

were compensated for by designing the cables with adequate low-resistance lines for

external power and charging functions no splices), and by including special low-

capacity wiring for critical functions. The remaining link to the spacecraft consisted

of a catenary cable (or cables) approximately 12 ft long, incorporating all special

program requirements between the spacecraft and the boom plate.

The requirement for low-capacity lines was coupled with a requirement for

temperature stability. This was true because most critical AC-type signals were

affected not only by the total capacity of the line, but also by changes in capacity

resulting from changes in temperature. Several types of low-capacity wire were

found to be acceptable, and one type was incorporated into the design of two of the

boom cables. Only a portion of the conductors in each cable was special however, since

the complete use of this type of line would reduce the physical ruggedness of the cable.
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b. Video pairs. The requirement for extensive signal conditioning and amplification of

spacecraft signals, and the formerly severe environmentalpenalties imposed by the

umbilical-tower location of the JPL umbilical-tower junction box resulted in a require-

ment for extensive expansion of the video pair installation at each complex. Six video

pair lines were installed between the umbilical tower (JPL J-box area) and the L/P

OSE area (launch-control shelter/LPB on Pad 12 and first-stage vehicle room/LPB

on Pad 13). Also, six lines were installed between the L/P OSE area and the transfer

room on each pad where connection was made to the existing pothead terminations of

the permanently installed and existing video pair lines routed throughout the complexes.

C. Remote-control power. In addition to the remote control of JPL supplied 400-cps

generators (as formerly provided for the MR program on Pad 12), an additional remote-

control capability for 60-cps power, used to support the JPL equipment located on the

umbilical tower and in the L/P OSE, was provided. The control panels for these cir-

cuits were located in each blockhouse.

D. TASK ORDERS

Initially, in order to accomplish spacecraft/launch-vehicle integration, JPL established

administrative channels with the Marshall Space Flight Center who were to provide technical

direction to Lockheed for the Agena and to General Dynamics/Convair for the Atlas.

The initial Lockheed effort, which was funded through FY '60, covered only preliminary

engineering effort and the procurement of long lead-time items. Because the contractual Scope

of work at that time did not include all areas of interface engineering, this Laboratory was

advised to specify required interface efforts as separately defined tasks.

To coordinate JPL interface requirements, MSFC "Task Assignment Directive" (TAD)

forms were prepared and transmitted to the MSFC technical representative at BMD-BMS, with

a copy to the NASA Plant Representative at LMSD, Sunnyvale. Generally the Task Assignment

Directive contained short, concise statements of required interface action. Because the same

TAD forms were employed by MSFC for both GSFC and JPL, an internal JPL identification

system was used; namely, a TR numbering system, which was a JPL-conceived task system

for interim usage until instructions were issued by MSFC. Where possible, JPL also provided

an estimate of the man-hours required.
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All TAD's were acknowledged within five days, either by rejection of the request effort,

or by an indication that the Contractor had been instructed to proceed; then appropriate internal

JPL distribution of the acknowledgment was made. No effort could be expended on TAD re-

quirements, however, until contractual implementation had been effected.

The use of the TAD system did not preclude the informal interchange of engineering

data between LMSD, MSFC, and JPL; however, it was necessary to keep in mind at all

times that the Launch-Vehicle Integration Section had the JPL responsibility for engineering-

design integration. Accordingly, engineers involved with interface problems worked closely

with this Section to ensure a unified JPL approach. Continual judgment had to be exercised

by JPL to make sure that a technical information request did not involve effort by a Contractor

to generate new information, thereby incurring additional costs. If certain study efforts were

indicated, however, specific TADs were prepared by JPL after an informal agreement had been

obtained with cognizant Agencies.

Upon completion of the TAD's, the Contractor was notified promptly and officially

whether or not the final reports were adjudged to be acceptable. In order to complete a TAD

officially {after the TAD originator had completed his review of the report) a statement of

acceptability or of non-acceptability was forwarded to the NASA Agena B Division, Head-

quarters, Air Force Ballistic Missile Division, Los Angeles, California (Ref. 8).
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SECTION Ill. TESTS

A. COMPATIBILITY TESTS

1. Static

Two separateseries of static tests were performed in accomplishinglaunch-vehicle/
spacecraft integration in the Ranger Program. The first series was performed in the early

design stages prior to the flight of Ranger I; the second occurred after the flight of Ranger V

as part of an extensive review of the overall system.

a. Early tests. Static tests were held at CALAC in Burbank from April 4 to May 19, 1961

(Ref. 10). Both the JPL spacecraft and the Lockheed assembly were instrumented

(Fig. 21).

The primary objectives, from the viewpoint of the spacecraft side of the interface,

were to:

(1)

(z)

(3)

(4)

Determine the stresses in the Ranger spacecraft bus if the bus were

to fail before the Agena adapter;

Determine the failure load of the spacecraft bus if the bus were to fail before

the Agena adapter or the nose fairing;

Determine the spring constant of the Lockheed adapter; and

Determine the loads in the bottom hex tubes at JPL Station 500.00.

From the launch vehicle adapter side of the interface, primary objectives were

to:

(1)

(2)

Determine the load capabilities of the nose fairing under external

pressure;

Determine the structural soundness of an assembly consisting of a nose

fairing, forward midbody, forward equipment rack, spacecraft support

structures, and a simulated tank "Y" ring.

Test plans called for external pressures to be applied to the nose fairing in

0.25-psi increments from 0 to 4.63 psi and from 0 to 2. 50 psi as shown in Fig. 22.

Strain gage data were to be recorded after each pressure change (Ref. 12).

Loading on the entire assembly was to be applied simultaneously (Fig. 23)

in increments at room temperature until 100% of the limit loads was reached. At this

point the loads would be reduced to zero, an inspection conducted, and the loads
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Figure 21. Location of JPL Strain Gages

62



ED-333 SectionIII

4.63 psi

83.60

120.52

2.50 psi ...... 2.00

========= _--6.00
K

6.00

STRAIN ROSETTES

ON SKIN SPACED )_.j__._
120 deg (12 REQD.

120 deg _ /_

-_ 61.95

207. 15

252.50

LINEAR STRAIN GAGE

CIRCUMFERENTIALLY

ON RINGS AT STA. 207.15

AND 161.95 (6 REQD.)

Figure 2Z. Nose Fairing Pressure Tests
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applied again until 125% of the limit loads was reached. The tests would be repeated

until failure occurred.

A similar method would be employed in testing booster burnout conditions with

the temperatures and loads applied at two different rates (Ref. 13). The temperatures,

the direction, and the magnitude of these loads are shown in Fig. 24.

Radial thermal deflections were to be measured after the nose fairing was heated

to 610 °F at Station 226.50 and the adapter to 295 °F at Station 238.50. There were

to be no components near enough to act as heat sinks. Radial deflections were to be

measured at the nose-fairing ring and at the adapter ring at Station 232.50.

The loads were actually applied in 20% increments to 100% of the values speci-

fied (limit load). At 100% load a slight curvature in the skin panel was observed in

the vicinity of the cutout in Quadrant IV between Ring Station 294.08 and Ring Station

283.0. Back-to-back strain gages in this area read minus 775 and minus 50 micro-

in./in, strain at 100% load. The load was reduced to 0% and some permanent set was

noted.

The load was applied again to 100% of limit load and then increased in 5% incre-

ments to 125%. No evidence of failure of any kind was found upon examination of the

structure. The curvature in the area of the cutout appeared to be approximately the

same as at 100% load. The maximum strain readings in the area of the cutout read

minus II0 and +45 micro-in./in, for back-to-back gages at 125% load.

The loads were then applied as specified for the forward-section critical flight

condition. The loads were applied in the following increments (go) to failure: 0, 40,

80, 100, 120, 125, 0, 125, 130, 135, 140, and 145. The structure failed just as the

load reached 14570 of critical flight-condition loads. Skin buckling began between

Ring Station 294.08 and Ring Station 283.0 in the vicinity of the cutout in Quadrant IV.

Deflection readings of the bending of the skin immediately adjacent to the cutout were

measured up to 14070 load. The deflection readings increased from 0. 075 in. at 13570

to 0. 225 in. at 14070 load. After the initial buckle occurred in the vicinity of the cut,

the skin buckling progressed around the periphery in Quadrants III and IV. The

maximum-strain gage readings were in the vicinity of the cutout and read minus 1493

and +1016 micro-in. /in. for back-to-back gages at 140% load.

The loads and temperatures under simulated booster-burnout conditions were

applied at two different rates as shown in Table VII (a and b).
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Test

(1)

I2)

(3)

results showed that:

The structure was capable of withstanding 125% of critical flight

condition loads.

The forward section would fail by skin buckling between Ring Station 294.08

and Ring Station 283.0 when subjected to 145% of critical flight-condition

loads.

The structure was capable of withstanding 125% of booster-burnout-condition

loads when subjected to temperatures of 440°F from station 294.08 to 244.50,

295°F from station 244.50 to 232.50, and 610°F from station 232.50 to 208.3.

b° Static tests for Block III. During an informal meeting on May 9, 1964, at LMSC

(Sunnyvale), plans were made for a new series of tests in preparation for the Block III

flights. LMSC asked for two Ranger spacecraft frames, one for separation tests at

Burbank, and one for static tests at Sunnyvale. The static tests were planned to go

to destruction. Since JPL could provide only one aluminum bus without jeopardizing

the flight schedule, it was decided that if the static tests were conducted after the

separation tests, there would be no objection to carrying the static test to destruction.

It was verified that a single load-application point at the spacecraft center of

gravity would be a satisfactory simulation of the actual load. The loading desired was

equivalent to the spacecraft ultimate-design loading; i.e., 12.5-g axial and 2.5-g radial

plus aerodynamic loads and aerodynamic heating effects.

The Block III static tests were held at Sunnyvale during November 5 to 15,

with the following objectives:

(1) To measure the nose-cone and spacecraft support-structure

interface ring deflections due to simulated flight temperatures without

critical flight loads;

(2) To measure the controlling strains on and deflection of the test structure,

due to the application of programmedproportional loads and temperatures

simulating critical flight and booster-burnout loading conditions;

(3) To measure the failure values for the loads and the corresponding strains

and deflections of the test structure due to programmed proportional loads

in excess of the LMSC design ultimate loads;

(4) To measure the strains and deflections as well as temperature differentials

incurred by the spacecraft bus during each of the four phases of this

test program (temperature only, LMSC limit and ultimate loads, JPL

ultimate load), employing a test section comprised of a nose cone, space-

craft, spacecraft adapter, and forward equipment rack;

1963,
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(s) To measure only the deflections of the spacecraft bus during JPL limit-load

applications, with particular attention to the deflection of the solar-panel pivot

fittings (Fig. 25).

The full-scale static loading at flight environmental temperature provided in-

formation for structural evaluation and qualification of the new lightweight spacecraft

adapter (with the fiberglass diaphragm removed), including its interface assemblies

with the spacecraft, nose cone, and forward equipment rack. Critical flight-loading

conditions were simulated by programmed proportional loads applied to the spacecraft

adapter through a spaceframe (spacecraft bus) and a modified nose cone. The above

loading occurred during application of flight temperatures in the adapter area. In

addition to the test data gathered for evaluating LMSC hardware, JPL obtained

additional data with regard to strain and deflection as well as temperature differen-

tials occurring in the spacecraft bus.

C. Results. The test results (Ref. 14) indicated a maximum stress of 15,400 psi. All

strains were measured at member locations removed from stress concentrations.

Thus, in local areas of stress concentration, the stress levels may have significantly

exceeded the maximum value reported above. However, no permanent set was ob-

served in any portion of the spaceframe.

Thermocouple data indicated that there did not appear to be a significant heat

transfer across the adapter-spaceframe interface. Thus, heat saturation of the

spaceframe was minimal, and the structural integrity of the test structure in a thermal

environment under fully developed temperature differentials was satisfactorily estab-

lished.

The displacement at the tip of the solar-panel support fitting indicated that the

tip of the solar panel would displace approximately 0.061 in. as a result of the fitting

motion. This assumed rigid-body rotation of the panel only.

A comparison of theoretical and test-load levels indicated that the test levels

were generally higher; they were, therefore, more conservative in each test phase

than the theoretical levels.

2. Dynamic

a. Separation. In order to determine the dynamic compatibility of each of the two separa-

tion sequences, a comprehensive series of analyses and tests was begun in August 1960.
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Yor expediency and clarity, all nose-fairing and spacecraft-separation tests were

programmed together, excluding other testing. Charts were prepared depicting the

program, test dates, hardware required, location of tests, and other pertinent in-

formation. A similar test plan for the remainder of compatibility testing including

static, vibration, pressure, and temperature effects was also prepared.

(1) Requirements and Analyses

(a) Shroud Separation. One early requirement for verification of the shroud-

separation performance was the fulfillment of NASA Task Assignment

Directive 002. LMSD performed the basic study and analysis of the system

while following two fundamental design requirements as guidelines (Ref. l).

These were, first, that the shroud was not to contact the spacecraft during

the ejection, and second, that the Agena was not to contact the shroud

during the post-ejection descent of the shroud.

The first requirement became the basis for Phase I of the study.

The effects of five principal sources of clearance reduction between the

shroud and payload were considered to be present simultaneously, and

were listed as residual rates (from initial angular velocities of the Atlas/

Agena/shroud combination). These effects were spring imbalance,

center-of-gravity offset, failure of one of the two retrorockets to ignite,

and early activation of Agena attitude control.

Eight springs which imparted a 6-ft/sec ejection velocity to the shroud were

used. These springs had a spring constant per-unit-extension of 15.8 Ib/in. per spring,

and a useful extension of 3.8 in. /spring. The shroud assumed to weight 140 Ib and to

have a moment-of-inertia of 64.6 slug-ft squared about any transverse axis. It was

pointed out that the ejection velocity varied in discrete steps, i.e., the whole number

of springs had to be used. The Model 4205 springs were used because they were

readily available and had been qualified. Arbitrarily, a point on the payload envelope

at the separation plane was called the trace point. Although it was located 31 in. off

the longitudinal axis and slightly inboard of the actual base of the shroud, the point

wouldbeconsideredattachedtotheshroud. Fig. 26 shows the trace point of the shroud

as it moved past the payload envelope. This procedure resulted in a conservative

estimate of shroud/payload clearance.

The initial angular velocities for the Atlas/Agena/shroud combination prior to

shroud ejection had a maximum specified value of one deg/sec simultaneously about all

three axes. These residual rates, when coupled with the ejection velocity, gave a

Coriolis acceleration of the shroud trace point relative to the longitudinal axis of the

vehicle, the resulting transverse motion of the point was determined to be a parabolic
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function of time. When it passed through the nose station transverse plane, the point

was 7.9 in. closer to the longitudinal axis because of the effects of initial rotational

rate s.

The spring force unbalance caused by spring-constant tolerance of 0.2 Ib/in.

per spring,combined, in the worst case, to impart an angular velocity of 0.8 deg/sec

to the shroud. The resulting relative motion of the shroud was a linear function of

time. Due to the spring unbalance, the shroud trace point was 2. 1 in. closer to the

longitudinal axis when it passed through the nose-station transverse plane. The

shroud trace point was found to be 2. 1 in. closer to the longitudinal axis when it passed

through the nose-station transverse plane because of the center-of-gravity offset.

The combination of the following effects resulted in acceleration of the Atlas/

Agena to an angular velocity of 0. 1 deg/sec: (1) ignition of only one of the two Atlas

retrorockets; (2) a high impulse of 500 lb/sec for the one rocket; (3) a burn time of

only 0.5 sec; and (4) a 1-deg misalignment of the rocket from the optimum direction.

The retrorockets mounted on the Atlas/Agena adapter section were not to be aligned

to a point through the center of gravity of the Atlas/Agena vehicle at the instant of

separation, but considerably forward of it. The alignment was determined by dynamic

considerations in order to minimize the force on the separation rails due to the excita-

tion of the natural bending modes of the Atlas/Agena.

With both Atlas retrorockets giving maximum impulse in minimum burn time to

a minimum-weight Atlas, it was found that the Agena would separate from the Atlas

before the shroud had cleared the payload. The Agena attitude-control system could

then have started torquing the Agena at the maximum angular acceleration of 1.22

deg/sec 2. This effect by itself could have resulted in the shroud trace point being

1.0 in. closer to the longitudinal axis when it passed through the nose-station trans-

verse plane.

When all five principal sources were considered to be present simultaneously,

the effects would be superimposed; in the worst case, the shroud trace point would

then have been 14.7 in. closer to the longitudinal axis as it passed through the nose-

station transverse plane, with the minimum clearance conservatively taken as defined

above (Fig. 26). This was an unduly pessimistic approach, as these five sources were

actually independent. The root-sum-square of these five effects yielded the motion

of the trace point to be only 8.6 in. closer to the longitudinal axis as it passed through
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the nose-station transverse plane.

Phase II in the study was accomplished to ensure that subsequent to ignition

adequate clearance was maintained between the Agena and the shroud as the Agena

accelerated past the shroud.

This phase of the study showed that the shroud was ejected simultaneously with

the initiation of Atlas/Agena separation 3.0 sec after Atlas VECO at an attitude of

12 deg. The uncertainty in attitude was 0.5 deg, and the ejection velocity at least

6 ft/sec. Agena nominal ignition occurred 34 sec after shroud ejection, with the

thrust attitude maintained at 0.2 deg and the thrust acceleration maintained at 1 g

during the time of interest. Earliest Agena ignition could have occurred 22 sec after

shroud ejection and the maximum-thrust attitude error could have been 0.6 deg.

Initial Atlas/Agena/shroud rotational velocities of 1 deg/sec about all three

axes were considered. Their effect on the shroud was found to impart a component

of velocity normal to the longitudinal axis of 0.61 ft/sec; to change the ejection angle

by 3.0 deg due to the 3-sec delay between VECO and ejection; and to cause the shroud

to tumble at 1 deg/sec after ejection. Their effect on the Agena was to impart a

normal velocity of 0.35 ft/sec. The net normal velocity of the shroud relative to the

Agena was 0.26 ft/sec.

The effect of spring unbalance was to impart an angular velocity to the shroud

and to rotate the direction of the ejection velocity. The angular velocity was 0.8 deg/

sec. The change in ejection angle was small (less than 0.05 deg) and was difficult to

calculate because of the spring lateral slippage involved.

The effect of shroud center-of-gravity offset was to permit the springs to im-

part an angular velocity of 0.8 deg/sec to the shroud. There would be some slight

change in the ejection attitude, but this would be of the same order of magnitude as

the effect of spring unbalance.

With only one Atlas retrorocket igniting, an angular velocity of 0. 1 deg/sec

could have been imparted to the Agena via the rails (but not to the shroud) plus a

normal velocity due to this rotation. In addition, the functioning of only one retro-

rocket would have produced an uncompensated translational force acting in the normal

direction. This would have resulted in a translational normal velocity being imparted

to both the Atlas and the Agena. Because of the geometry of the Atlas/Agena/retro-

rocket configuration, the translational normal velocity due to the translational force
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balanced the normal velocity resulting from the rotational effect.

The computation of the Agena shroud clearance was found by the

equation:

(CL) Shroud/Agena A z= p - rAgena . rshroud

where

(CL) Shro ud/Agena
Clearance between the assumed Agena

and shroud envelopes

& z = Vertical separation of the Agena and shroud
P

cg's at the time the Agena passes the shroud

rAgena = Radius of Agena envelope = 3 feet

rshroud = Radius of shroud envelope = 6.5 feet

With the nominal values listed below the clearance was found to be

40.5 feet.

t = 34 sec
C

Coast time (time from command ejection of shroud to

Agena Ignition)

Vej = 6 ft/sec Initial velocity of shroud relative to Agena, measured

along Agena Centerline

0ej = 12 ° Angle of V . relative to the horizontal
e3

Z Slo = 3 ft
Initial vertical coordinate of shroud c. g.

0 =O.Z °
T

Angle of Agena thrust relative to the horizontal

V N = 0 Velocity of shroud normal to V ., measured relative
to the unaccelerated Agena c. gej

z

Zp 50 feet Vertical separation of shroud and Agena c. g. s at time
of passing

Results of the Phase II study are shown in Table VIII. The root-sum-square

effect on the clearance was 23.3 ft. Subtraction of this from the 40.5 ft nominal

clearance showed the 3-a minimum clearance to be 17.2 ft'(Ref. 15).

Clearances obtained from the above study indicated that the mechanization

chosen for shroud ejection was satisfactory.
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Table VIII. Effect of Independent Error Sources on Shroud/

Agena Clearance

Source
3 Sigma Effect on

Uncertainty Clearance, Ft

Variation in Sustainer Cutoff Time 2 sec 2.5

Variation in Vernier Cutoff Time 5 sec 6. 3

Variation in Agena Ignition Time 5 sec 6.3

Error in Initial Atlas/Agena Angle 0.5 deg I. 93

Atlas/Agena Residual Rate 1 deg/sec Zl. 2

Error in Agena Thrust Attitude 0.6 deg 2.36

Root-sum-square
Effect

6.25

39.8

39.8

3.73

450

5.6

545.18

(2) Test Techniques and Results. The separation-test program was carefully

planned, and detailed schedules were prepared (Fig. 29) for the period January

to March 1961. Two sets of test hardware, consisting of yoke assemblies for

shroud and spacecraft, were provided in order to conduct simultaneous tests,

thereby avoiding delays in the test schedule.

A long-pendulum technique was used in the separation tests. Initial

conferences indicated the use of a pendulum of 60-ft minimum length. Building

360 at CALAC was chosen as the test site. Three 65-ft pendulums were suspen-

ded approximately 15 ft apart in a draft-free enclosed area, and three "strong

backs" were erected to support the aft end of the spacecraft and to accept the

adapter. Test hardware, instrumentation, and camera placement were designed

so that the three tests could be conducted simultaneously.

Test results were presented in three documents (Ref. 18, 19, and 20).

The data were reduced from films taken with high-speed cameras which recorded

the motion of the separating body and from the oscillograph which recorded ap-

plied forces and various event times.
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After the above studies had been completed, two additional factors were sus-

pected of influencing shroud motion. These factors were the late firing of one pin-

puller and the force due to Atlas/Agena pull-away disconnect. Results of these ad-

ditional effects in combination with results of the previous work were presented in

Ref. 16. The additional factors changed the shroud-payload clearance, but Phase II

of the previous study was not affected (Fig. 27).

(b) Spacecraft separation. Spacecraft separation from the Agena was evaluated

as a result of NASA TAD 003. The analysis determined relative motion

during ejection, with special attention being paid to the linear and angular

rates of the spacecraft. The separation velocity, AV , was obtained by

using the spacecraft ejection springs (Ref. 17). Requirements were

established for the separation process in order to ensure compliance with

design goals.

It was determined that the spacecraft should be ejected with a mini-

mum separation velocity of at least I/2 (0.5) ft/sec. This velocity was

high enough to ensure positive separation, but low enough to make the use

of more complicated techniques unnecessary. Ejection dynamics and de-

sign considerations indicated that the springs and spring-type mechanization

available could be used to meet the above requirement. It was recommen-

ded that steps be taken to ensure that the springs remain with the Agena to

prevent possible future collision with the spacecraft or interference with

its magnetometer.

It was also found that the spacecraft should be ejected at the same

attitude, with respect to the local horizontal, as that used during the Agena

second burn. The trajectory flight path at the time of ejection would be

less than 5 deg above the local horizontal (Fig. 28); thus, an Agena

maneuver to align the ejection-velocity vector more closely to the trajectory-

velocity vector would not be necessary.

Agena/spacecraft separation would have to be delayed at least 60 sec

after Agena second-burn burnout. From propulsion characteristics it was

estimated that the residual thrust following Agena second-burn guidance

shutoff would be negligible 10 sec after shutoff. The 60-sec minimum delay

was conservative and was intended to allow for any anomalies associated

with residual thrust. The spacecraft post-injection requirements did not

dictate an earlier separation; there would be sufficient time remaining on

the ascent timer to accommodate this delay. Ample electrical power and

control gas would remain for Agena attitude-control system operation.
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The pendulum technique was selected as most suitable for conduction of the separation

tests, in spite of certain inherently undesirable characteristics. These characteristics, which

had to be taken into account, were that roll was essentially prohibited, and pitch was limited

by the cable. The separating body could not move vertically out of the arc path of the pendulum

without elongating or shortening the cable; consequently it experienced a variable supporting

force due to the cable spring rate.

Avertical oscillation of this spring-mass system resulted and motions that should

have appeared due to separation perturbations were prevented. In addition, a pitch rate and

attitude were produced by the descent of the CG as it swung away from the adapter, since the

center of the aft end of the body was restricted by the plungers so that it would remain on the

roll axis. In the case of the shroud, the plunger loads were great enough to prevent slippage

between them and the shroud ring; on the spacecraft the sockets in the shear tie feet retained

the plungers, so that JPL Station 500. 00 was held centered on the roll axis. These effects

were variable and non-linear, so they were not amenable to isolation during data reduction.

In yaw, the test was practically free from the pendulum effect. Pendulum rise due to

lateral displacement was on the order of millionths of an inch, causing a lateral velocity

degradation of less than 0. I in/sec small enough to disregard.

(a) Shroud- separation tests.

five phases.

(3)

(4___)

The nose-cone separation tests consisted of

Center-of-gravity tests were run to establish what effect the

pendulum support system had on the test results. Known forces and

couples were applied to the nose cone and the resulting motion was

compared with theory.

In the spring misalignment tests the isolated effects of spring rate

tolerance, spring stroke, and housing alignment were investigated.

A shroud with complete hardware was used in the controlled-hardware

tests; the effects of hardware parameters set at their extreme

tolerance were investigated.

The purpose of the pinpuller shock tests was to study the effect of

a sudden release of the tension ties, which anchored the shroud,

occurring in conjunction with the firing of the pinpullers.

The random hardware tests were run to determine if successful

separation could be achieved when the separation-system hardware

was installed in a random manner.

Analysis of the nose-cone CG misalignment data involved comparisons of

measured displacements and velocities with theoreticalvalues. The theoretical

values were calculated using a two-dimensional rigid-body model where the

mass of the system was assumed to be that of the nose cone plus the support
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yoke. The effective mass of the cable was shown to be insignificant and was

therefore neglected in the analysis. The yaw moment of inertia used was that

of the nose cone-yoke system.

Results from the spring misalignment tests were presented in tabular form

so that the effects of varying the spring mechanism parameters could be readily

noted and compared. Both the controlled and random hardware data were

analyzed from a clearance point of view. The linear-velocity data was modified

to account for the added mass of the yoke support, and clearance reductions were

calculated both with and without data error.

Pinpuller shock results were read from the data in the form of induced

linear velocity and angular rates. These were tabulated, correcting the linear

velocity for yoke mass.

(b) Spacecraft-separation tests. The spacecraft-separation tests were con-

ducted in two phases: CG tests like those run with the nose cone were

conducted to establish the effect the support system had on the test

results; and controlled hardware tests were made in order to establish

what effect separation parameter tolerance had on separation.

The spacecraft CG-misalignment test-data analysis was similar to

that used for the nose cone in that comparisons of linear velocity, angular

positions, and angular rates were made with theory. Again, as with the

shroud, a two-dimensional model was used for the theoretical calculations.

A viscous damping term was included in the rotational equation to account

for the damping effect of the pendulum support system, and it was possible

to match the angular-position and angular-rate data with theory quite well

by this method. The JPL simulated spacecraft and the support yoke were

assumed to constitute the mass of the system. The moments of inertia

measured by CALAC test engineering were used; the yaw moment of inertia

was measured with the support yoke attached.

In the controlled hardware analysis,clearance reductions were calcu-

lated and maximum induced angular rates at separation from tabulated test

data were noted. Test results indicated that the separation systems for

the shroud and spacecraft would perform satisfactorily and that separation

could be achieved.

Block III spacecraft-separation tests were performed in September

and October 1963 to ensure that there would be,no undesirable change in
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separationcharacteristics becauseof the recent modifications. These
modifications were: (I) removal of the sterilization diaphragmfrom the
adapter;(2) addition of bracketry andshielding to compensatefor removal
of the diaphragm;(3) changein structural material in the spacecraft bus
from magnesiumto aluminum; (4) addition of two padsto resist backup
timers on the spacecraft; and(5) increase in preload betweenthe adapter
andspacecraft feet (Ref. 23).

Results of the RangerBlock III separationtests showedthat the
maximum rotational rate observedrepresentedanequivalent in-flight tipoff
rate of 2.49 deg/sec. It wasdetermined that with the JPL timer and
switchesadded, the tipoff rate wouldnot exceed3.0 deg/sec, andthat the
Rangerspacecraftwould separatefrom the Agenawith a relative velocity
of at least 18.84in. /sec. Withthe Block III design there would be no

possibility of the spacecraft striking the adapter during separation (Ref.

22).

b° Vibration. The spacecraft, Agena B adapter, and shroud were assembled as a unit

(Ref. 23). Composite vibration tests, initiated in February 1961, were used to

determine the structural integrity under vibrational excitation, and to verify that the

dynamic excursions of the spacecraft and shroud remained within their respective

envelopes throughout the frequency spectrum of the test.

The first composite vibration test (Ranger I configuration) demonstrated that the

response of the spacecraft was not significantly altered either by the dynamic charac-

teristics of the adapter or by deformation of the adapter caused by the. dynamic loading

of the shroud. In the second test (Ranger III configuration) this result was confirmed,

in that the response of the spacecraft was essentially independent of the presence of

the adapter and shroud. The tests also confirmed that the shroud remained within its

dynamic envelope.

It was concluded that, for each spacecraft configuration, the envelope of its

dynamic excursions could be analytically predicted and the results checked by a test of

the spacecraft alone. If analysis or testing of a spacecraft configuration indicated that

a possible dynamic interference existed, or if the shroud-adapter system was to be

extensively revised, JPL would request a complete composite vibration test.

Plans for a new series of structural vibration tests were initiated in March 1963

(Ref. 24). The objectives of the new tests were:

(I) To determine the effects of vibration on the behavior of a spacecraft (with the

Ranger Block Ill configuration and weight); in this test the unit was mounted on
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(z)

(3)

two types of Agena adapters, one with a sterilization diaphragm (Ranger

adapter), and one without the diaphragm (Mariner Venus adapter).

To determine the transfer functions of input frequencies across each type

of adapte r.

To determine the change in loads in the intercostal tubes of the Ranger, due to

decreased rigidity of the adapter without a diaphragm, when subjected to

vibration.

The mechanical test model (MTM) for the cancelled Ranger Follow-On program

was used for the spacecraft test and this MTM was weighted to the Ranger Block III

design weight (808 lb). The Ranger adapter EM 988 and the Mariner adapter avail-

able at JPL were employed. LMSC mating hardware was used, first in strict accord-

ance with the conditions of Lockheed Design Specification 1410296-B and JPL

Procedure P53-55R 114.00, and later, when questions of actual shear-feet preload

arose, under preload conditions modified by specific characteristics of the load washers.

Six tests were performed in the following order:

Lateral X, Ranger adapter

Lateral Y, Ranger adapter

Lateral X, Mariner Venus adapter

Lateral Y, Mariner Venus adapter

Torsional, Ranger adapter

Torsional, Mariner Venus adapter

(Ref. 25).

For the X and Y shake directions, the assemblies were subjected to sinusoidal

vibration at frequencies between 5 and 80 cps for a total elapsed time of 6 rain. The

sweep was such that the time rate of change of frequency increased directly with

frequency. Input acceleration amplitude was controlled by servo to 0.5-g rms,

measured in the direction of shake at the adapter side of the separation plane by

spacecraft station 500. The rms outputs of two accelerometers mounted in this

plane were averaged, and this average was used as the servo input.

Input was force-limited to a maximum of Z000 lb, with diminishing input

accelerations at spacecraft resonances. Two similar runs for each test, designated

by "a" and "b", were required to record the desired dynamic information.

The torsional shakes were run at two different levels, preliminary and final.

The spacecraft with each adapter was subjected to a preliminary-level sinusoidal

vibration at frequencies between 20 and 150 cps for a total elapsed time of 4.5 min.

The sweep was such that the time rate of change of frequency increased directly with
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frequency. Input acceleration amplitude for each sweep was 0.5-g rms, measured on

the fixture below the adapters at a radius of 30.62 in. from the spacecraft roll axis.

All assemblies were subjected to a final-level sinusoidal vibration at frequencies

between 20 and 150 cps for a total time of 9 min, together with two pulses, one at

the beginning of the sweep and one at the end of the sweep. The details were as

follow s :

Pulse (Fig. 30)

Sweep from Z0 to 150 cps in 4.5 min.

Sweep from 150 to Z0 cps in 4.5 min.

Pulse (Fig. 30)

The sweeps for the final level again were such that the time rate of change of

frequency increased directly with frequency and the pulse was a69-cps tone that was

amplitude-modulated with a 2.5-cps sine wave whose angular amplitude was 154.4

rad/sec 2 .

Input acceleration amplitude for the sweep portions of the tests was 1.0-g rms

for the spacecraft/Ranger adapter assembly, and 0.75-g rms for the spacecraft/

Mariner Venus adapter assembly. Both of these inputs were measured on the fixture

below the adapters at a radius of 30.62 in. from the spacecraft roll axis.

17or all torsional tests, the input acceleration amplitude was servo-controlled.

The rms outputs of two opposite accelerometers were averaged and this average was

used as the servo input. All desired dynamic information was recorded during the

tests at preliminary levels and final levels.

Data reduction was done by the JPL Data Analysis Laboratory by use of a low-

frequency spectrum analysis in the line-spectrum mode. The foremost problem en-

countered in the series of lateral tests was chattering of the shear feet; it occurred

in both X and Y vibration tests in a wide range of frequencies around first and second

bending-mode resonances. The compressive loads at the shear feet, which were made

up of the nominal 200-1b preload plus that part of the weight of the spacecraft reacting

at the shear feet, were overcome by dynamic overturning moments. It was initially

thought that the shear feet separated because the preload was less than the specified

200 lb. To find what preload actually existed during the vibration tests, an after-the-

fact test was run. Load washers were installed at feet B, D, and F, and spacers were

installed at the tension feet to give a constant upward translation of the spacecraft,

relative to the adapter, of I/4 in. This installation did not disturb the relative mating

dimensions that existed during the vibration tests. With the spacecraft mated to the
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adapter exactly as it had been for shake, except for 1/4 in.additional spacers at all

6 feet, compressive loads at the shear feet were recorded.

FOO T LOAD, PIR iELOAD,
Ib ib

B 334 Z00

D 279 145

F 270 136

.-:c
Load minus spacecraft weight/6

l_eet D and F were found to be loaded incorrectly. However, if the input were

doubled, as it would be for a type-approval (TA) test, doubling the preloads would not

have been sufficient to prevent separation of the feet. An analysis showed that the

nominal Z00-1b preload was insufficient to prevent chatter even at the preliminary

test levels.

There were several effects of shear-feet chatter. Separation of the shear feet

from their mating cones during part of each periodic cycle of vibration caused a

definite nonlinearity in the separation-plane stiffness. This nonlinearity was thought

to be the cause of severe beating witnessed both during the test and in the acceleration

and strain-gage records. Acceleration output waveforms from instruments in the area

of the separation plane clearly indicated chatter of the shear feet by spikes and as-

sociated high-frequency ringout. Higher in the structure, this hammering was filtered

out by the structure, but the beating phenomenon was still seen.

Chattering and beating during lateral tests destroyed the accuracy of the funda-

mental harmonic acceleration component plots vs frequency in the areas of resonances

(the areas of major interest). This, plus a widely varying fundamental component of

input acceleration, led to many inconsistent results in the transfer functions of

frequency between the input points and other points in the structure.

During torsional tests, the bending modes were not appreciably excited, and

since dynamic overturning moments were low, shear-feet chatter did not occur.

The natural frequencies associated with normal modes of the spacecraft and

adapters were experirnentally found to be:
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Ranger Adapter Mariner Venus Adapter

Axis cps cps

First Bending X 22 2Z

Second Bending X 40 37

First Bending Y 25 22

Second Bending Y 53 50

Torsional 43 36

The high readings on the top of the bus in the torsional test were thought to be

due to local effects of the solar panel "rabbit ear" supports as the solar panels were

quite active at these frequencies.

Strains recorded in the intercostal tubes did not follow a definite pattern from

one adapter to the other. On an overall average, stresses were about 17% higher when

the spacecraft was mounted on the Mariner Venus adapter. However, the maximum

strain recorded at any time in any intercostal tube occurred when the Ranger adapter

was used.

Transfer functions across both adapters for lateral tests and for torsional tests

were plotted. Fig. 31 shows the torsional transfer functions. It was interesting that

the peak responses across the adapters did not occur at the spacecraft-adapter

resonances, and it was concluded that these must be local resonances of the adapters.

Response to the torsional pulse was practically unobservable when the pulse was

input at the base of both adapters. Direct-write records showed that the transfer

functions were less than one, and no further reduction of pulse data was made. It was

possible that the time constant in the direct-write machine was too long to allow res-

ponse to the 0.2-sec pulse.

C onc lus ions

Based on strain-gage readings, accelerometer data, and visual observations of the

spacecraft vibration tests made on both adapters, it was generally concluded from the tests

that there would be no structural problem in either the spacecraft or in the adapters. Be-

cause of the similarity of normal modes and frequencies (with the exception of torsional

modes and frequencies), between the Ranger MTM and the Ranger Block III, the decision

to use the Mariner Venus type adapter without a sterilization diaphragm for the Block III

program appeared to be a sound one. However, it was recommended that a torsional test on

a Ranger Block III vehicle mounted to an adapter without a diaphragm be performed.
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A simplified analysis indicated that, for a type-approval level lateral test, dynamic

overturning moments would cause foot separation at preloads less than approximately

2500 lb. This preload seemed much too high, and it appeared that the analysis did not in-

clude enough factors. It was therefore decided that further testing would be required either

to confirm or to discredit the analysis and to find what preload was necessary to prevent

shear-foot chatter. Later, during the Structural Vibration Tests of the Ranger Block III

STM, shear feet also chattered with preloads of approximately 650 Ib between the spacecraft

and a rigid vibration fixture. During the lateral Y test, inputs were approximately 50% of

the l-g rms required for type approval, indicating that preloads would have to be greater

than 1300 Ib in order to prevent chatter. This fact appeared to confirm the analysis and it

was decided to preload to a value that would obviously allow chatter under sinusoidal-type

approval testing.

c. Shock Tests

(1) Tests prior to Ranger I flight. The shock environment of the Ranger spacecraft

due to activation of the Lockheed pyrotechnic pinpullers was investigated in

August 1960. In addition to the primary purpose of determining shock levels,

the Type Approval (TA) unit of the Earth sensor was installed on the spacecraft

(Ref. 26) to serve as a typical unit whose performance during shock would give an

indication of reliable operation.

The test assembly consisted of the PTM adapter and the dynamic model

of Ranger I; the spacecraft was instrumented with a total of eighteen accelero-

meters (one Statham and seventeen Endevco). A mockup of the Earth sensor

was used during the formal test. Preliminary tests were made to determine the

appropriate recording levels. All signals were recorded on magnetic tape and

os cillograph paper.

The three pinpullers were fired as they would have been during normal

spacecraft separation, and the overall response of the spacecraft was measured

and recorded.

Results of the tests indicated that the measured g-level responses below

3 kc were adequately covered by the shock tests in JPL Specification 30Z01. The

actual results above 3 kc were not adequately simulated by the specification.

It was found to be impossible to specify a shock test to simulate the high-

frequency environment because almost nothing was known about mounting-fixture

transfer characteristics above 3 kc. Results of the tests are shown in Fig. 3Z,

which also shows two shock spectra from JPL Specification 30201. The actual

test results were expected to fall somewhere between these two limits, but it

was determined that, at the higher frequencies, some of the levels were outside

the test limits.
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The high-frequency responses caused by the pinpullers were not believed

to be detrimental to the operation of spacecraft equipment, however this could

not be demonstrated at the assembly level. The most valid test, therefore, was

to fire the LMSC pinpullers in the adapter with the actual flight spacecraft in

place. This would simulate flight conditions very closely, but would not allow

for margins and would not provide confidence in operations performed under

slightly different conditions.

Although, strictly speaking, the Earth sensor did not fail the test, it did

exhibit certain deviations in performance after the pinpuller firing. The Earth

sensor was the only operating item of equipment used in the test, but the results

indicated the general nature of the difficulties which could be expected from the

shock of separation.

(2) Ranger V pyrotechnics tests. The shock environment produced by the actuation

of pyrotechnics devices was measured at various spacecraft locations during the

dummy run of Ranger V (Ref. 27), and it was found that the structural responses

were comparable to previous measurements in both magnitude and frequency.

The g-levels were relatively high for some of the high-frequency components of

shock, but these were believed to have little damaging capability.

A dummy run was conducted with an assembly consisting of the Ranger V

spacecraft, the Agena adapter, and the nose fairing. Twelve accelerometers

were located at various places on the spacecraft bus to record data during the

following events: spacecraft separation (LMSC pinpullers), solar-panel deploy-

merit, gamma-ray boom extension, altimeter and vidicon cover deployment,

and mini-antenna and redundant vidicon cover deployment.

All spacecraft systems that were to operate during the launch mode were

monitored for possible deleterious transients, and a systems test was per-

formed afterward to detect any permanent damage. The gear box, as antici-

pated, displayed a high shock reading when the Lockheed pinpullers were fired.

In all cases, however, the frequency components below 2 kc were lower than

the levels used in TA tests.

The results of the test verified the adquacy of shock test levels and tended

to indicate that high-frequency response caused no permanent damage to space-

craft components.
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(3) Ranser V1 pyrotechnics test. The shock test specified in JPL Specification

RCO-50107-FAT was performed September Ii, 1963, JPL (Ref. 28). No ab-

normal indications were noted on the spacecraft during shock pulses. The shock

environment produced by the actuation of the electrical disconnects, Agena/

spacecraft separation pinpullers, and solar-panel pinpullers was measured

at various spacecraft locations. The structural responses recorded were

comparable to past measurements.

The spacecraft was mated to Agena adapter S/N 988 (full diaphragm con-

figuration), and the spring assembly, used to pull the male plug of the electrical

disconnects away from the spacecraft,was installed. Twelve accelerometers

were mounted on the spacecraft, and Fastax pictures recorded the actuation of

the electrical disconnects.

Shock data was recorded during the following events: electrical discon-

nect, spacecraft separation, and solar-panel deployment. Data was recorded

on tape at 60 ips. A 10-kc oscillator reference was also recorded to provide a

timing reference for playback. All spacecraft systems that normally operated

during the pyrotechnics events were monitored.

The Fastax pictures revealed that one of the firing pins of the electrical

disconnect (plug J2) did not clear the plug and that it struck the cannon barrel.

A visual examination of the spacecraft plug indicated no damage. No abnormal

indications were noted on the operation of spacecraft systems during pyrotechnics

events.

(4) Pyrotechnics tests on spacecraft adapter. As a result of an inspection report

(Ref. 29) in which it was stated that an Agena flight adapter was apparently con-

taminated by the firing of pyrotechnics, JPL reviewed the test philosophy con-

nected with pyrotechnics tests. It was verified that the essential purpose of the

tests was to simulate the shock associated with the firing of pyrotechnics, and

the primary objective was to ensure that spacecraft systems functioned properly

in the shock environment (Ref. 30). The pyrotechnics were used only as a mech-

anism to produce the environment.

For the separation pinpuller tests (LMSC separation pinpullers), a

dynamically similar rnockup of the adapter would be required to produce the

environment adequately. Since the test would not require the use of the fligh_

adapter, and since LMSC would not permit utilization of the adapter for pyro-

technics tests, it was determined that JlmL would use a dynamically similar

adapter for the tests.
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(s) Block III PTM pyrotechnics tests (Pre RA-6). The shock tests specified in JPL

Specification RCO-50071 ETS were performed during the period of August I0,

1963, to January 2, 1964 (Ref. 31). The tests were run in four phases: Phase l-

extension system with live pyrotechnics, separation pinpullers and solar-panel

pinpullers; Phase II solar-panelpinpullers following vibration; Phase III - solar-

panel pinpullers in vacuum; and Phase IV - midcourse valves following thermal-

vacuum te sting.

No abnormal indications were noted on the spacecraft during the pyrotechnic

shock pulses. The environment produced by the pyrotechnics was measured at

various spacecraft locations and the structural responses recorded were com-

parable in both magnitude and frequency to past measurements.

Data was recorded on tape at 60 ips, and a 10-kc oscillator reference was

recorded to provide a timing reference for playback. Oscillograph records were

made of the tapes, and all spacecraft systems that operated during the pyrotechnics

events were monitored.

Phase I (performed from August I0 to 13, 1963, in Building 179, JPL)

was the only portion of the test that applied to launch-vehicle integration. The

electrical disconnects were fired twice; the separation pinpullers three times,

and the solar-panelpinpullers twice. The procedure used was a rough draft of

JPL Procedure 3R 313.00.

Measured shock responses were completely tabulated for the electrical

disconnects, separation pinpullers, and solar-panelpinpullers; amplitude was

quoted in peak g's, and the frequency given was the principal frequency apparent

in the oscillograph playback.

A problem report was generated following the final run of Phase I. A

low-resistance measurement had been noted in one of the electrical squibs

in a post-firing continuity check. It was determined, however, that no problem

existed. Residue shorting across the terminal leads of the squib gave the low-

resistance indication.

During the pyrotechnics events, all operating spacecraft systems were

monitored. No abnormal indications were noted, and the spacecraft performed

satisfactorily both during and after the tests. The environmental requirements for

shock tests were satisfied.
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(6) Block III PTM Requalification pyrotechnics tests (post Ranser VI). Shock tests

for the requalification of the Ranger Block III PTM were performed on July iI,

1964, in the pit area of Building 179, according to JPL Procedure 3R 313.06

(Ref. 32). The mechanical-separation pinpullers as well as the solar-panel pin-

pullers were actuated twice. No abnormal indications were noted on the space-

craft. The shock environment produced by the actuation of the pinpullers was

measured at various spacecraft locations and the structural responses recorded

were comparable, in magnitude and frequency, to past measurements.

The spacecraft was mated to a flight-type adapter. The electrical dis-

connects and the midcourse-motor pyrotechnics were not fired because the

measured spacecraft responses are normally much smaller in magnitude than

those of mechanical separation and solar-panel deployment, respectively. Prior

to these tests, the following pyrotechnics tests had been performed on the pre-

Ranger VI Block III configuration, with no abnormal indications on the spacecraft:

mechanical separation, four times; electrical disconnects, three times; solar-

panel deployment, seven times; midcourse-motor pyrotechnics, once. Con-

sidering the statistical variation attributable to the pyrotechnics devices, the

results were as anticipated.

3. RF Interference

As part of the systems compatibility tests which were held at LMSC, Sunnyvale, from

April 3 to 22, 1961, a complete series of RF tests and analyses was planned. A parasitic

antenna system had been decided upon, as had been requested in TR No. 3 (TAD No. 7), which

posed RF interface problems. One problem was the method by which rf transmission was to

be accomplished with the mated spacecraft on the launch pad, since the spacecraft would be

completely enclosed in a metal envelope during this time.

Representatives from JPL were willing to assume full responsibility for obtaining

proper radio frequency authorization, but certain aspects of the test proposals were unusual

enough to pose many unforeseen administrative problems. Free-running, spectrum-wide,

open radiation tests such as those proposed could not be permitted within the premises of

LMSC. Inter-program difficulties would have existed even though proper authorization had

been obtained.

Radiations for antenna and interference-susceptibility tests, on the frequencies re-

quested for the Ranger/Agena B/Atlas program, were authorized for Moffett Field/LMSC,

Sunnyvale, on February 27, 1961. Factors considered in the authorization were the use of

low powers, the confined area of transmissions, the use of directional antennas, and the

short time period involved.
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TheRadioFrequencyInterference (RFI) tests at Sunnyvalewere concernedwith the
actual operation of the partially assembledvehicle, andwith spacecraftRF radiation from
both the on-boardandoff-board sources (Ref. 33). The off-board RF simulation provided
the constantRF environmentto which the vehiclewas to be subjectedduring its normal Cape
operation. Theactual time of activation anddeactivationof the simulation sources was called

for by the LMSD Test Director in accordance with the test specification (Ref. 34). In order

to preserve the frequency stability of the simulation sources,it was necessary to leave fila-

ment supplies in operation during standby periods. As an alternative, the plate power to the

source could have remained on, with the source output switched into a dummy load when it

was not to be used.

It was necessary, of course, that the RF simulation equipment be set up, calibrated,

and in standby condition prior to each test. The calibration process required about i0 hr;

during this time the test area remained free of personnel not directly involved in setting up

the antennas and calibrating the RF simulation equipment. To minimize interference with

other activities, this was done the night before the test began.

Placement of the simulation antennas was critical, as the antennas had to provide

particular power-density requirements. Each antenna tripod was equipped with a plumb

bob, and a colored spot was put on the floor to correspond to the exact position of a similarly

color-coded tripod. Thus, if it became necessary to move the antennas for any reason, they

could be returned to the exact spot without recalibration of power density. The focal point

of all off-board simulation antennas was the lower edge of the spacecraft at the junction

between sectors I and IV. Whenever the power-density requirement from some of the

simulation transmitters made it necessary to place the microwave horn antennas very close

to the Agena forward compartment, the beam width was restricted and all subjects could

not be simultaneously irradiated. As a solution, the antennas were mechanically swept

through an arc of sufficient magnitude to cover the entire compartment once every 30 sec.

Fig. 33 shows the various antenna assemblies.

JPL was responsible for all RF simulation on the spacecraft; accordingly, JPL-fur-

nished equipment was used to set the levels of launch-vehicle RF sources, and of the

simulated Cape sources.

Since the constancy of the power density depended on the power "fade" of each source,

cognizant operators had to maintain proper levels by source adjustment whenever necessary

during the test. Frequencies were checked at the beginning and end of each day, and all

changes recorded.

The order in which the various simulation sources were set up and calibrated
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was not, in itself, important. Since the power-density measuring devices were frequency-

selective, it was anticipated that VHF and microwave-simulation sources could be set up

and calibrated simultaneously. JPL made its setup and calibration first, however, as it had

the greatest number of simulation sources. Atlas equipment, which constituted the second

largest number of sources was set up next, and GE equipment was set up last, for only the

booster guidance system had to be simulated.

Figure 34 shows the simulation equipment, along with power and frequency-measuring

equipment.

The placement of racks and large metal assemblies was completed before antenna

placement and power-density calibration began. Calibration and operation personnel had to

remain out of the field of the antennas during calibration.

The operation times of the RFI simulation sources (both off-board and on-board) were

specified relative to X-time. These operational sequences were called out in the "Radio

Frequency Compatibility Test" (Ref. 35), and normal procedure during the test called for

confirmation be made of the activation and de-activation of the RF sources to the Test

Director. JPL provided RFI calibration forms for all RFI sources; these forms were filled

out daily during the test period and reported any changes in power, frequency, and modula-

tion.

JPL had the following equipment available for calibration purposes:

Hewlett Packard 430C Power Meter

Tektronic RM43 Oscilloscope

Hewlett Packard 524C Counter

I-lewlett Packard 540A Transfer Oscillator

Clark Telemetry Receiver

Stoddard NM-50 Receiver

Empire Devices NF I05 Receiver

Polarad F.I.M. Receiver

Polarad TSAW Spectrum Analyzer

No insurmountable problems were evident during the tests. All events and

comments were noted immediately in the JPg operations log.

RFI tests were performed subsequently on all flight-spacecraft/launch-vehicle inter-

face equipment as part of the match-mate tests. Complete RFI tests were made on the
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launch pad as part of the final preparations for launching each flight.

4. Match-Mate Tests

During the program, match-mate tests were defined as the particular portions of

overall compatibility tests which encompassed the physical mating of final flight hardware,

the verification of electrical continuity, and the establishment of RF compatibility. Dummy

runs were scheduled to make efficient use of the flight adapter and shroud while they were

available at JPL.

It should be emphasized that the scheduling of match-mate tests prior to shipment of

hardware to the Cape proved to be necessary for all flight hardware throughout the Ranger

program. After the initial compatibility tests had been performed, the need for continued

tests on flight hardware was questioned (Ref. 36); however, results showed that, in every

case, unexpected problems appeared which could have caused serious delays at the launch

site if they had not been detected earlier.

The interface problems between the Ranger spacecraft and the launch vehicle were

compounded by several administrative factors. From the engineering viewpoint, the problems

of integrating the designs were fairly obvious and straightforward. There were, however,

the intangible problems of time (scheduling), distance (location of facilities), and coordina-

tion (contractors and agencies) all of which had a distinct bearing on establishing complete

compatibility between the launch vehicle and the spacecraft.

Rangers I and II

Somewhat exploratory in nature, the first match-mate tests included the match-mate

of Ranger I with mockup hardware at JPL on February 16 to 18, 1961 and the comprehensive

series of compatibility tests at Sunnyvale on March 29 to 30, 1961 (Ref. 36). During the

week of May 15, 1962, the Ranger II spacecraft was mechanically mated with the LMSD

flight adapter and shroud at JPL (Ref. 37). In general, the mating was considerably smoother

from an operational viewpoint than it had been on the previous occasions, but several minor

discrepancies did show up in the shroud and an operational difficulty was experienced with

the serrated washers.

The mating operation provided the first opportunity to go through the expected opera-

tion with the flight springs installed in the shroud. (note that all of these tests were made

prior to the launch of Ranger I).

In order to install the shroud properly, itwas necessary to make several minor hard-

ware changes. This was an unexpected development in that the shroud and adapter had been
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assumed to be previously mated. One problem was that the shroud-to-adapter tie bolts were

not properly adjusted and the pinpuller clevis would bottom before the shroud was completely

down on the adapter. Another problem was encountered with the shroud pullaway electrical-

disconnect mounting screws which interfered with the top of the adapter ring. Two tempera-

ture transducers were mounted on the liner of the shroud and the leads to these transducers

were routed across the top of the shroud liner, thus presenting apotential hangup to the

spacecraft at the time of shroud ejection. With the shroud completely installed, the clearance

between the coupler and the omniantenna was 0.425 in.

At the conclusion of this test it was demonstrated that the operation was helpful in

disclosing small but potentially critical difficulites associated with the interface.

Ranser III

The match-mate tests of the Ranger III spacecraft with the flight adapter and shroud

were accomplished essentially according to plan. The tests were held on October 25-27,

1961, at JPL(Ref. 38).

Several difficulties were discovered during the electrical checkout tests. One such

difficulty was that the shields on two different wires had defective connections. As these

wires could not be completely checked after installation, it was recommended that every

precaution be made to ensure good connections and continuity of all shields on future

adapter cable harnesses. The cable harness on the adapter involved should have been re-

moved, rechecked, and replaced, in order that the continuity of the shields be assured.

Instead, recheck of the adapter wiring using the spacecraft simulator was made at AFETR.

The same deficiency was found later on the EM 712 adapter. JPL recommended using

copper instead of aluminum shielding in the adapter.

Another difficulty was that both spinoff plugs to which the spacecraft electrical cabling

fastened were the same. According to Drawing No. 1317412, one should have been

No. 1308962-503 (for 9AIP2), and the other No. 1308962-501 (for 9AIP1); instead, only the

latter type was used. Also, the spring mechanisms for retracting the spinoff plugs at

separation were not installed.

It was found that, although the four RF pins in the umbilical receptacle should have been

removed for installation of the ground half of the umbilical plug, this had not been done.

(This had been agreed to before the Ranger 1 flight, but documentation to show the fact that

they were still in the receptacle indicated that there had been no official documentation

concerning this requirement).
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The structural mating of the spacecraft to the adapterwas donein accordancewith
LMSC'sprocedure No. OP-AMR-132979A, andno difficulties were encountered. The
procedures for installing the shroudwere checkedandrevised in accordancewith improved
methodswhich hadbeendevelopedto Iocate_ andaccurately checkthe location of _ the omni-
antennacoupler. Becausethe final flight items of the retromotor andthe ADF capsulewere
not installed until a few daysprior to flight, the operationof checkingthe location of the
coupler in relation to the antennaspike hadto be repeatedat AFETIR.

Whenthe shroudwas installed, it wasdiscoveredfor the first time that the flex cable
leadingto the Earth sensor interfered with the shroud. The shroudwas raised andthe cable
tied back to prevent damage. Theproblem was resolvedprior to sendingthe spacecraft
to AFETR. IRFmeasurementson the omniantennaand coupler system indicatedthe VSWR
andattenuationwere within operational limits. Measurementson the high-gain antenna
system were inconclusivebecausethe Agenaforward-equipment rack wasnot available.
Thesemeasurementshadto bemadeat AFETR.
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Ranger IV

The Ranger IV match-mate tests were only partially accomplished at JPL during the

period January 3 to 5, 1962 (Ref. 39). The tests were limited in scope since only the flight

adapter was available and since the flight shroud was delayed because of the installation of

the angle-of-attack instrumentation.

The following portions of the original schedule were performed with satisfactory re-

sults: the electrical harness pin-to-pin checkout connection of spinoff plugs and umbilical

connector, and physicalmating of the spacecraft to the adapter.

A spacecraft functional checkout and release, and a simulated squib-firing test re-

placed the RF portion of the test, which was not performed.

Ran_er V

Match-mate tests using the Ranger V spacecraft and the LMSC No. 6005 adapter and

shroud were accomplished at JPL from July 13 to 15, 1962 (Ref. 40). The minor difficulties

encountered are indicated below:

a. Simulator checks through the adapter were not made because of inadequate cabling (a

JPL responsibility).

b. The previous inspection of the in-plane condition of the adapter spacecraft mount-

ing points was considered to be inadequate. The inspection was repeated at JPL, and

the proper shim thicknesses were used for mounting the spacecraft.

c. There was only marginal clearance between the shroud and the case of the high-gain

antenna actuating gear box, however, it was not of sufficient importance to stop the

tests.

d. Antenna bumpers on the adapter were the Mariner Venus type with aluminum, not

rubber, heads. Since the rubber-covered antenna bumpers {LMSC Drawing 1314326)

had been qualified for the Ranger spacecraft and the bare metal ones had not, it was

necessary to change to the rubber-headed bumpers.

e. The RF tests were completed with no difficulties, however, it was later found that the

check of high-gain antenna operation was made with the probe located in the position

for Mariner Venus. This portion of the test had to be rerun prior to shipment to AFETR.

Ran_er Block Ill Match-Mate Tests

Previous to Ranger VI, the adapter had been shipped in a wooden box, with no attempt

to hold rigid either the mounting ring which fastened to the Agena or the six mounting points

to which the spacecraft was attached. As a result, the relaxing of internal stresses could

warp or change the shape of light adapter structure during shipping and handling. Measure-

ments made prior to actual final mating at AFETR were therefore of questionable accuracy.

It was agreed that JPL would furnish LMSC a rigid ring, mounted on a dolly on which the

adapter could be mounted, and bolted down prior to shipment to JPL for the match-mate tests.
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The adapterwould remain attachedto the ring until final installation on the Agenabefore
flight, andmeasurementsof the spacecraftmountingpoints couldthenbe dependeduponto
remain essentially constant. LMSCagreedto make the measurementsat their plant in
Sunnyvale,thus reducingthe amountof tithe needed at JPL for the match-mate tests.

Ranger VI

From September 4 to 7, 1963, the match-mate tests using the Ranger VI spacecraft,

adapter serialNo. 6008 and shroud serialnumber 6008 were performed at JPL. A list of

action items developed from these tests follows.

a. The shield return on 9Wl10 P2 Pin A was not connected to Pin 1F on the umbilical

receptacle, and it was found that Drawing No. 1342539 was incorrect. Both the draw-

ing and the Ranger VI hardware were corrected prior to shipment to AMR.

b. Solar-panel and shroud clearance was only 0. 020 in. An investigation was made, but

no action was necessary.

c. The locations of the linear pots which indicate spacecraft separation were off-center

of the striker plates on the spacecraft. JPL and LMSC investigated and found that one

linear pot was installed incorrectly; this was corrected. The others were satisfactory

as installed.

d. LMSC was to update their Specification No. 1415559 A.

e. The clearance between the TV micro switch and its pad was to be specified in LMSC

Specification 1415559.

Springs to pull back the twist-off fittings were missing. LMSC installed the springs on

Ranger VI hardware prior to shipment toAFETR, but new instructions were to install

springs on future hardware prior to match-mate tests.

The electrical cabling to the spinoff fittings was approximately 6 in. too long. LMSC

investigated and shortened the cables prior to shipment to AFETR.

LMSC was to furnish JPL with the shroud-microphone installation prints.

LMSC was to include a dust cover for the bottom of the adapter; for Ranger VI at

AFETR, for Ranger VII, and for subsequent match-mate tests.

Investigations of the clearance of the pinpuller-monitor switch bracket and of the

rotary-coax housing-clamp bolt head were made. It was deemed satisfactory for

Ranger VI, but the bracket was redesigned for Ranger VII and subsequent spacecraft

to give greater clearance.

RF losses between the omniantenna and the shroud coupler were 2 dbm greater than

expected; however, these losses were acceptable.

Ran_er VII

Match-mate tests of the Ranger VII spacecraft, adapter 6009, and shroud 6009 were

1963 (Ref. 42). Action items developed from

f.

go

h°

i.

je

k.

performed at JPL from October 15 to 21,

these tests were as follows:
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a.

b•

c.

d.

e.

f.

g.

h•

Shim heights determined from the spring-constant tests for the spacecraft/adapter com-

bination were determined to be:

Foot B 0.013 in.

Foot D 0.013 in.

Foot F 0.015 in.

These values were consistent with shim thicknesses determined on previously tested

spacecraft and adapters. JPL was therefore asked to investigate the possibility of

eliminating the spring-constant portion of the match-mate tests for the future and to use

a standard shim thickness at all spacecraft feet. Although the investigation was made,

it was decided that, since there were only two more Ranger spacecraft to be tested, it

would be wise to continue the spring-constant portion of the tests to ensure that the

proper shims were used. Results of this decision are discussed in the section on

Ranger VIII match-mate tests.

The bracket for the backup timer switch at Foot Fwas to be fabricated with enlarged

mounting holes so that a higher degree of adjustment in matching it to the timer posi-

tion would be possible• This was accomplished by LMSC and was one of the signoff items

on the DD-250 acceptance of the hardware.

LMSC was to change their match-mate procedure No. 1415559B to provide for adjust-

ments of the pads on the adapter to fit the timer and switch on the spacecraft. The C

change was made, and it was incorporated on November 5, 1963.

More clearance was required between the TV switch pad near Foot E and the high-gain

antenna• The switch pad should have had i/8 in. cutoff to provide the necessary clear-

ance. LMSC accepted and accomplished this action item.

The solar-panel hinges on the Ranger VII spacecraft had been reworked, approximately

•030 in. and had been cut off and the points which showed interference on Ranger Vl

were smoothed. These points cleared the shroud inner liner on Ranger VII, but two

other points about 1 in. above these {3/4 in. forward of Sta. 5001 did indicate a slight

interference, as a piece of paper approximately .003-in. thick would not slide freely

between the points and the liner. It was noted that the nose-cone liner stood away from

the nose-cone base structural ring by about 1/8 in. at these points• LMSC corrected this

condition in such a manner as to preserve the "skid-ramp" effect of the liner over the

base ring, i.e., the liner still protected the base ring from direct exposure to the

spacecraft during spacecraft separation.

Holes had not been drilled in the cover over the noise microphone in the shroud to allow

the sound to impinge directly on the microphone. LMSC corrected this condition by re-

moving the cover•

An accelerometer and amplifier assembly near Foot C was not in its place. The assem-

bly was correctly installed prior to flight.

The RF portion of the match-mate tests was conducted in accordance with JPL Proce-

dure 3R 405.00. Results of the tests were satisfactory. The correlation between the
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calculated loss and actual power measurements was good and the 2.2-db discrepancy

between the loss and actual power measurements, as found on the Ranger VI omniantenna

path, was not encountered on Ranger VII.

The Ranger VII spacecraft dummy run was made on October 18 and 19, 1963, using the

flight adapter and shroud. On October 21, the LMSC hardware was packed and loaded by JPL

technicians under supervision of LMSC personnel for return to Sunnyvale.

Upon return of the shroud and adapter it was noted that the adapter inside

surface was dirty with what appeared to be an oily carbon film. It was recommended that

JPL review their spacecraft pyrotechnics {solar-panel release squibsl as a possible source

of this contamination. Investigations indicated that there was little or no possibility that the

contamination came from this source; however, JPL agreed to take special precautions with

the next match-mate test and to determine, if possible, whether any contamination would re-

sult from firing of the solar-panel pinpullers {Ref. 431.

Ranger VIII

Two match-mate tests of the Ranger VIII spacecraft, with adapter and shroud No. 6006,

were performed at JPL, the first on February II to 14, 1964 {Ref. 441, and the second on

October Z9 to November 5, {Ref. 451.

First Match-Mate Test

The spring-rate constants for the combined Ranger VIII spacecraft and 6006 adapter

were significantly different from those previously tested. This was left open, subject to

further investigation. JPL later performed additional tests on the spacecraft and found no

real differenceinitsspring rate from those previously tested. Recommendations were then

made to return the adapter No. 6006 to JPL for further tests and investigation. This was

done on April Z0 to 2Z, 1964 {Ref. 461.

Before the tests started, it was suspected that the irregular performance of adapter

6006 was caused by the lack of certain screws which fasten the nonflight structural doors to

the internal structure of the adapter. These screws had been installed in all previous adapters

on which tests were run, but were omitted from the nonflight doors on adapter No. 6006 to

shorten manufacturing procedures. The manufacturer was certain that the nonflight doors

would be satisfactory to hold the adapter in shape without the screws, but he did not anticipate

irregular spring rates during integration tests. To confirm this supposition, spring-constant

tests were run, first with the adapter in the original condition to prove conformance and

validity of the original tests, and second, after approximately 85 screws had been added.

Test results indicated that: (11 the combined spring-rate constants before installation

of the screws were essentially the same as they were during the original match-mate tests in

February; {Z) the combined spring-rate constants, after the installation of approxirrmtely 85

screws attaching the nonflight structural doors to the internal structure of the adapter, were

107



SectionIII ED-333

essentially equivalentto spring-rate constantsmadeon spacecraft/adapter combinations
prior to the RangerVIII match-mate tests.

Special inspectionprocedureswere carried out to ensurethat there wouldbe no con-
tamination of the adapterdueto thefiring of solar-panel pinpuller squibsduring the JPL
dummyrun:

a. Six polishedaluminum sheetseachapproximately I ft square, were placedat the center
of eachspacecraftbay, near the top of the adapter, to catch anypossible contaminants. The
aluminum sheetswere numberedfor identification purposes. Concurrencein the placement
of the sheetswasobtainedfrom representatives of bothLeRC andLMSC.

b. A mylar sheetwasplacedbetweenthe spacecraft and the adapter to protect the adapter
from anypossible contamination.

c. Photographswere made of the polishedaluminum plates bothbefore andafter squib
firing. The results of bothvisual andchemical analysesshowedthat there was no contamina-
tion other than that incurred in normal careful handlingoneither the aluminum plates or the
mylar sheet.

d. It was agreedthat the aluminum plates couldbe omitted in future dummyruns in which
theflight adapterwouldbe involved, andthat efforts to avoid contaminationof all flight equip-
ment shouldbecontinued.

Other minor faults were recorded in the inspection,androuting action was taken to
correct them.

Second Match-Mate Test

Since a delay in flight schedules caused a considerable time lapse between the first

match-mate test and the final flight date, a second match-mate test of Ranger VIII hardware

was required. In this period numerous changes were made to both the spacecraft and the

adapter and shroud hardware.

JPL Procedure 3R 405.03 was used in the completion of the RF loss measurements.

These measurements were performed with the spacecraft mounted on the LMSC flight adapter

and the mockup of the Agena forward-equipment rack; the flight shroud was installed. All

losses appeared to be normal and compared favorably with loss data from previous space-

craft.

The RF losses which were actually measured on Ranger VIII were:

Losses Ranger Ranger Ranger
db VIII VII VI

(Ref.)

Omni 890 Mc 5.26 5. 54 4. 3

Omni 960 Mc 11.77 11.62 12.8

H. G. 960 Mc 10.06 9. I0 8. 5
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At the beginningof the RF tests, it was apparentthat there was nocontinuity from the
spacecraft radiating antennathroughthe antennacoupler andcoaxcable in the nosefairing to
the external test instruments. After considerabledelay, the nosefairing wasdisconnected
andremoved. It was foundthat the coaxial cablewas disconnectedfrom the coupler eventhough
several inspectors had indicated, with signatures, that it was connected. It was recommended
that the final inspectionproceduresbe tightened.

In measuring the spring constants, there wasno indication of the sponginessthat had
beenexhibited in the previous match-mate tests of RangerVIII. The shilrl values required to
obtainthe desired P00-1bpreloadwere: Leg B: 0.016 in.; Leg D: 0.016 in.; and Leg F:
0.017in.

Theumbilical door on the adapterhad toogreat a gap. LMSC, under cognizanceof
LeRC, determinedwhat action to take, andfixed the discrepancyprior to DD-Z50acceptance.

The threads of the high-gain antennasnubberat Foot D were galled. LMSCcorrected
this condition prior to D_}-Z50acceptance.

An amplifier for the spacecraft vibrometer hadbeeninstalled in the adapterand
groundedto the frame.

The striker padfor the hydraulic timer at Foot F was tilted out of the horizontal plane
by approximately 0.035 in. from one side to the other. This wasnot consideredto be aserious
problem.

Clearancesbetweenthe solar-panel hingesandthe shrouddid not require rework. The
clearance at Leg D was0.050 to 0.060 in., andclearancesat Legs A, B, andE were 0. 100in.
or greater.

The clearance betweenthe rotary coaxandthe fiberglass at Foot C was0. I15 in.; this
was considered satisfactory. For RangerVII, the clearancewas approximately 0.095 in.

Ranger IX

Match-mate tests of the Ranger IX spacecraft with adapter and shroud No. 6007 were

performed at JPL from December Z1, 1964 through January 4, 1965 (Ref. 47).

The adapter electrical checkout and the operation of the adapter umbilical door were

satisfactory. Since the high-speed motion pictures taken at liftoff showed that the door did

not latch, an additional spring was to be added to the door; however, this was never accom-

plished.

No trouble was encountered in determining the Ranger IX spring constants. The shim

values (in inches) required to obtain the Z00-1b preload were:

Leg B 0.017

Leg D 0.017
Leg F 0.016
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The test sequence for measuring the clearances between the shroud liner and the hinge

points on the solar panels had to be performed twice. Since the spare set of solar panels had

been machined differently at the hinge points, it was necessary to perform separate tests of

both the flight and the spare panels, with each set of panels mounted on the spacecraft.

Clearances at Ranger IX solar-panel hinge points, measured in inches, are as follows:

Leg." Flight Panels Spare Panels

A 0.33 0.23

B 0.27 0.26

D 0.25 0.23

E 0.30 0.18

The first TV-camera test involving the TV test lights in the shroud showed intermittent

operation. The problem was corrected by having the small bolts on the shroud light connec-

tor tightened.

One of the TV test lights was not clearly defined during the camera test. Upon investi-

gation, it was determined that the image could be improved considerably by enlarging the hole

for this particular light in the shroud liner. However, the JPL test conductor preferred to

accept the TV test lights in their "as is" condition rather than to remove a portion of the shroud

liner and become involved in the accompanying hazards of reinstallation. LMSC did enlarge

the hole without removing the liner from the shroud. It was satisfactory upon arrival at

AFETR.

The shipment date of LMSC flight equipment back to Sunnyvale was delayed until Jan-

uary 4, 1965, because the validity of measurements of the RF losses through the shroud was

questioned. The problem was noticed during countdown tests (held after the match-mate tests)

when RF losses through the spacecraft omniantenna, shroud coupler, and cabling did not

appear to be repeatable. The difference of 1-112 db between the actual telemetered readings

and the calculated readings was due to the shroud measurements.

After repeated tests, it was determined that the shroud measurements were correct;

however, the dummy-run tests extended beyond the previously estimated date of completion.
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5. Ranger VI Post-Flight Tests

On March 23, 1964, the Ranger Project Office asked the Launch Vehicle Section to con-

solidate and coordinate the investigation activities, with a view toward answering questions

which had arisen subsequent to the Ranger VI flight.

These investigations were intended to do, in general, two things: to determine whether

the launch-to-injection environment could possibly have affected the operation of Ranger VI

TV circuits; and to ascertain that future changes introduced on the Ranger VII spacecraft

would preclude any deleterious effects caused by this environment.

The specific purposes of the investigations were: to identify areas in the launch-to-

injection phase of flight which were believed to be problem areas; and to establish a general

test plan to prove or disprove the existence of problems within these areas.

Initial meetings were designed to identify problem areas, coordinate the efforts of the

persons and organizations involved, and define responsibilities for each area of investiga-

tion. Formal conferences were convened on March 31, and April i, 1964, for these pur-

poses.

It was decided that two classes of problems should be established, one of which would

include problems of determining any unknown condition in the launch-to-injection environ-

ment, and the other of defining any unknown susceptibility of the spacecraft and launch-vehicle

subsystems.

The general environmental problems were:

a. To determine the extent of charge-or degree of voltage-buildup on

the launch vehicle in relation to time and discharge characteristics

of the static charge.

b. To determine the characteristics of ionized gases combined with an

electrostatic charge on the surface of the launch vehicle.

Susceptibility problems were:

a. To determine the susceptibility of the spacecraft and launch vehicle to

electrical transients, static charges, and electrical discharges.

b. To determine the preventative measures which had been taken in the

launch vehicle against static discharges.

c. To verify the integrity of the launch-vehicle and spacecraft grounding

systems.
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Independent activities at JPL were already underway at this time. Tests had been con-

ducted on a connector and a switch in a bell-jar at RCA, and the results had been reported

to JPL; further tests were to continue at RCA. A request had been made to investigate RF

transients during the flight of the spacecraft. A study of the charge effects from the view-

point of upper-atmosphere physics and from the viewpoint of susceptibility of the spacecraft-

to-RF switching and coupling transients was underway. All these efforts, however, had

been limited to telemetry up to this time. The value of a series of tests using a high-voltage

generator on an adapter/shroud/spacecraft combination in a space chamber was investigated.

During the course of the investigations, a meeting was held at the Space Technology

Laboratory {STL) on April 21, 1964, concerning the electrical charge and discharge prob-

lem. The general purpose of this meeting was to review details of certain launch-vehicle

electrostatic discharge problems which had appeared in one of the Air :Force programs. The

specific purpose was to ascertain what tests had been made, how they had been made, and

what conclusions had been established upon completion of the tests.

STL's experience in this program had been brought about because of repeated failures

in one of the missile systems with which they were concerned. An important aspect of the

system was that the payload was in a unique configuration, that is, the payload together with

the nose fairing, was insulated from the main body of the launch vehicle. STL uncovered

transient susceptibilites in some key components, and this led them to perform a series of

tests to determine the extent of susceptible circuits in the system. Corrections in the design

were made by the use of proper grounding techniques.

In the meantime, STL investigated the possibility of transients occurring in their system

because of arcing phenomena. Some preliminary tests were performed, and it was demon-

strated that there was, in fact, arcing between the main body of the launch vehicle and the

nose fairing; it was also demonstrated that the arcing was the source of transients which were

transmitted through the grounding system. Several types of tests were performed to isolate

the problem, with the preliminary ones performed by North American Autonetics in a three-

month period.

One series of tests consisted of applying signals to shields to determine the inter-

ference susceptibility of sensitive circuits; another consisted of putting charges on different

portions of the launch vehicle to determine arcing characteristics. Results of the testing

showed that some components were susceptible to transients and that arcing took place when

the nose fairing was charged to 30,000 v. It was determined that the transients which re-

sult from arcing can cause catastrophic secondary effects, even though the damage caused

by the arcing itself may be negligible.

a. Char_in_ mechanism in the environment. Various ways in which the launch vehicle is

subjected to charging mechanisms in flight were reviewed. The following is a summary

of these charging mechanisms.
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(I) Rocket exhaust. An important mechanism which produces a charge on a rocket or on

a launch vehicle is the rocket exhaust. The particles produced by the propellants dur-

ing the burning and exhaust processes produce a net charge on the entire vehicle, at

a charging rate which is constant throughout most of the burning time. Electrical

fields of I00,000 v/m on the launch vehicle, caused by the exhaust charging action,

seem to be possible. Charging rates had been determined for various small engines,

and these rates had been extrapolated to obtain rates for large engines. The charging

rates , in microamps, were:

Small rocket (Boeing), 20

Small rocket (Stanford Research Institute), 30

Large rocket (extrapolated), 200

An order-of-magnitude difference of 2 was shown to exist between the ionizing

effects of solid and liquid propellants.

Solid Propellant: On the order of 1012 electrons/cm 3

Liquid Propellant: On the order of l0 I0 electrons/cm 3

The conductivity of exhaust gases at the exit plane was determined to be about

25 x 106 esu. This is about i/I0 the conductivity of dry earth and about 1/1000 the

conductivity of sea water.

(2) lonization in the atmosphere. Large electric fields in clouds may give corona dis-

charges to a launch vehicle which passes through them. These have the effect of

actually charging mechanisms on the rocket.

(3) Natural inductive char$in_. Due to its radioactivity, the Earth is considered to be a

positively charged body which is surrounded by changing local fields. The charge on

the Earth is about 300 vm, although the net charge of the Earth system with its fields,

eventually becomes zero as a rocket leaves them completely. Under certain circum-

stances, effects of this charge although they are small, should be considered.

b. Susceptibility. In analyzing the succeptibility of circuits, it was shown that structures

and components which are isolated have a value of capacitance that is important in

determining arcing characteristics. This applied to individual spare wires in a cable

if they are not grounded at either end.

Even in a spherical shell with perfect conductivity, enormous signals could be generated

for a very short period of time if the shellwere to be separated suddenly into two

halves. There would be no change in potential, but a very rapid redistribution of

charge on each portion would occur, that is, di would be very high for a very
__dy_

short period of time. These current transients could be transmitted through the

structures or through ground lines. Another factor would be that large electric

field strengths may appear at sharp points, at corners, and at pins.
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(I)

C2)

(3)

(4)

STL test results indicated that the following steps could be used in a procedure

to determine the possibility of Ranger malfunctions due to static charge buildup.

Transient tests. Inject high-frequency signals into ground lines with frequencies rang-

ing from 50 cps to 5 Mc. Critical frequencies are expected to lie between 1 and 5 Mc.

Static charge buildup. Couple a Van de Graaff (or high-voltage) generator between

ground and a point on the launch vehicle and build up a static charge. Operate the

equipment under various charge environments during the period between 100 and 250

sec after launch. Payload equipment must operate on its own power, and monitoring

equipment is expected to determine deviations of payload operation from normal opera-

tion.

De shrouding. Under various static charge conditions on the launch vehicle and while

the payload is operating, remove the shroud at the same time as it is ejected in flight.

Static discharge. Couple a Van de Graaff generator between ground and the tip of the

nose fairing. Under various charge conditions, and while the payload is operating, short

out the static charge from the fairing to ground.

Although STL was able to define their particular problem and to take corrective

action, it did not seem that the same problem existed on Ranger; nevertheless, it was

recommended that the above tests be performed to determine whether or not electro-

static charge buildup could, in fact, cause spacecraft malfunctions.

A preliminary plan for conducting static discharge tests was proposed on

April 9, 1964. The general purpose of this plan was to determine the possibility of an

arc discharge between various parts of the spacecraft, caused by static charge buildup

in the launch phase. One specific purpose was to determine the voltage difference

between the spacecraft structure and the circuitry which was isolated by the DC bus-

return resistor. The proposed plan encompassed the following three phases.

Phase I

Laboratory tests to determine the validity of the

premise of a voltage gradient

Laboratory tests to determine whether or not the

anticipated voltage gradient was approximately correct

Phase II

Tests on subsystems
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PhaseIII

Ambient atmospheretests on spacecraft with arc-over

control

Complete spacecraft tests in vacuum with no arc-over

protection

Phase 1 tests were to be made in the EMI laboratories to determine whether the

anticipated effect of uneven charge buildup between the isolated circuitry and structure

of the spacecraft existed, and to determine the order of magnitude of the effect.

Simplified models were to be used.

Phase II tests were to be performed on some selected subsystems to determine

if the .voltage gradient represented a problem. This test would require a vacuum

chamber large enough to house the subsystem. /% rough-approximation pressure pro-

file of launch was to be performed while the anticipated voltage gradient was being im-

pressed upon the test sample.

Phase III tests were to involve a complete spacecraft and were to be conducted

in conjunction with tests on static charge buildup. It was planned that the initial test

would be run at one (I) atmospheric pressure, and that a voltage-limiting device would

be installed to prevent arc-over between portions of the spacecraft. The final test of

this phase and of the test program was to be performed on a complete spacecraft in

vacuum. The pressure profile of launch would have to be performed while the static

generator was functioning. Any arc-over would be cause to stop the test, return to I,

and determine the location of the arc.

An alternate Phase III test could be performed, if the voltage gradient could first

be determined with reasonable accuracy, by impressing a generator representing only

the known voltage gradient between the structure and the isolated circuitry. The

necessity for a high-voltage generator and the associated precautionary measures would

then be precluded. The results of Phases I and II would determine the feasibility of

such an alternate procedure.

Second test _lan. It became apparent that the first test plan was too ambitious and

encompassed too many details to provide the required information in the time avail-

able. A second test plan and tentative schedule for Ranger high-voltage tests was

proposed on April P9, 1964. One objective of the abbreviated tests was to determine

the values of isolation resistance and the capacitance of wires, circuitry, and sub-

system boxes so as to predict possible voltage differentials which would exist during

high voltage tests. Other test objectives were to determine whether or not a sufficient

voltage differential could exist between shroud and circuitry to cause malfunction,

arc-over, or activation of TV command switch, and to determine the charging rates
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Ii6

necessary to cause detrimental effects.

Upon completion of these tests, a conference was called June 3, 1964, to deter-

mine precisely the status of all current and proposed tests and to summarize the

preliminary conclusions relative to the completed tests. This was quite necessary in

view of two facts, i.e., that the Ranger VII spacecraft was to be shipped to AFETR in

about two weeks, and that the test data so far obtained was to be evaluated completely

and in detail prior to shipment.

Activities in six different areas of investigation were reviewed briefly. A short

summary was presented in each of these areas concerning the results which had so

far been obtained, and tentative plans were made for further tests in some areas. The

summaries follow.

Mechanical tests. The results of the mechanical tests performed on the Agena adapter

umbilical door were reviewed and analyzed. A preliminary examination of the pictures

showed that there was bending (warping) of the door outward even though the door was

latched. It was suggested that if the door bent outward, it would be possible for the

latch to move inward_ possible shorting the pins on the connector.

A proposal was made that the umbilical door and latch be isolated from the

umbilical pins by means of insulating paints or sprays. In future flights the idea of

disconnecting the umbilical connector internally at launch was advanced.

Mechanical tests, which involved hitting the closed umbilical door with a rubber

hammer to determine whether the latch could possibly short to the pins, were per-

formed and were completed prior to Ranger VII shipment.

Shock-wave theory. Investigation was initiated concerning a theory that a shock wave

is produced at booster staging when the excess LOX is dumped into the atmosphere.

Calculations were made within the Aeronautics Department at CIT to determine the

characteristics of the ionized gas and possible shock wave at the umbilical door.

Moving pictures of the Atlas staging in flight showed a luminous front moving

upward past the spacecraft. It was suggested that the energy of the wave may have

produced a mechanical effect, and that ionized gases in the vicinity of the umbilical

door may have caused a low-impedance path between pins in the connector.

Ionized _as and electrical transients. Tests were performed to determine the im-

pedance between pins under a controlled environment of varying known conductances.

Also, an investigation was made of possible electrical transients originating in the

Atlas and traveling upward to the TV package. Preliminary results showed no ap-

parent problems in this area. There were no hard-line connections between the Atlas

and the spacecraft (only five relays), and there was one signal connection at the



ED-333 Section III

Agena/spacecraft interface, the latter, however, was isolated by transformers at each

end.

A second meeting was held on June lZ, 1964, to discuss results and plans con-

cerning the high-voltage and RCA tests. These tests, which had been performed

simultaneously, were completed on May 28, 1964. The meeting included a technical

discussion of test results, an evaluation of the test philosophy, and the formation of

new plans.

Hi_h-volta_e tests. Various circuits in the spacecraft were monitored and Z00-mv

transients were observed in nearly all of them. The instrument readings were not as

accurate as was desired, due in part to the extremely short arc-discharge time and to

limitations in test-equipment selection.

It was emphasized that the high-voltage tests had been implicitly performed in

the nature of the experimentation, since there was little information available con-

cerning the electrostatic flight environment to which the spacecraft would be subjected.

Basically, the tests were attempts to perform a first-order analysis on a small geo-

metrical spacecraft/launch-system model. With the use of a 600 kv high-voltage

(ramp-function) generator, tests were performed by building up a static charge on the

launch system and discharging it to ground. Purposes of the tests were to determine:

(I) Breakdown of components caused indirectly by discharge

of a static charge from the launch system.

(Z) Malfunctions and improper operation caused indirectly by discharge

of a static charge from the launch system.

From the results of the tests, it could not be determined whether a problem

existed or not. There appeared to be none in the charging portion of the cycle, but

the command switch on the TV package was found to be in a stepped position on two

separate occasions. Whether or not stepping was caused by arc discharge was not

known.

Representatives from the Guidance and Control, Telecommunications, and

Propulsion Divisions contributed greatly to the technical discussions, making it

possible to define problems in the over-all investigation when previously there had been

only a search for general problem areas.

RCA tests. The following RCA tests were performed simultaneously with the experi-

mental high-voltage tests on the spacecraft by RCA and JPL personnel.

Series

1

2

3

Ranger VI command switch grounded

Ranger VI command switch isolated

Ranger VII Configuration
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Results of the tests were considered to be inconclusive. The actual test results were

opposite from the expected results, in that oscilloscope indications were of reversed

polarity.

Tne command switch was stepped once indirectly during tests which discharged

a static charge of 120 kv to ground. Since this did not reoccur for the balance of the

tests (under various test equipment and configurations), a possibility existed that a

momentary short in the test equipment might have caused stepping of the switch, but

this was by no means a certainty.

Information concerning the frequency characteristics of the discharge arc was

obtained by connecting an oscilloscope to the ground strap on the discharge probe.

The fundamental frequency of the arcs generated during the tests may have prevented

a true picture of the actual-flight discharge frequencies, since the test configuration

was only one-fifth of the length of the complete Atlas/Agena/spacecraft assembly.

This indicated a need for interference tests.

A new series of tests, proposed by RCA, consisted of two types of tests on the

Ranger VII TV package alone {Ranger VII configuration), and three types of tests

using the Ranger VII TV package installed on the spacecraft bus.

The proposed RCA tests were:

a.

b.

c,

d.

e.

Determine noise-susceptibility characteristics of the

silicon-control rectifier (SCR) in the TV turn-on circuit

configuration (TV package only).

Perform a series of tests on the TV package as follows:

(I) Discharge a test capacitor in the vicinity of the command

line using 10 microfarads at 100 v.

(2) Run a line close to the command line and couple capacitive

discharges to it.

(3) Pump transients at various frequencies through a capacitor

and into the end of the command line.

Perform tests on the TV package and spacecraft busy by passing

current over the bus skin (without shroud)

Establish arc discharges in the vicinity of the spacecraft

Discharge low-voltage charges into the skin of the spacecraft/TV

as sembly

Specific questions which remained to be answered were:

Why were test results opposite from those which were

expected theoretically ?

What is the charging rate on the launch system?
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What is the highest charge developed in flight?

What is the polarity of the static charge?

What is the mechanism for causing arc discharge ?

Does corona discharge appear at the pins in the umbilical

connector ?

What is the resonant frequency (ringing frequency) of the

command switch circuit?

What is the fundamental frequency of the arcing current

(dis charge )?

It was shown that the test model may not have been realistic for the following

reasons:

(1) The length of the model was not correct; this may have affected

the frequencies in the discharge currents.

(Z) Vibration, partial pressure, and ionized gas were not

present for the simulation of these tests.

In view of the discrepancies which had been brought out, it was decided to re-

assemble the TCM and launch-system test configuration as soon as possible and to

proceed with a new series of tests. The purpose of the new tests would be to determine

the answers to the specific questions, and, hopefully, to resolve the discrepancies

between the theoretical and actual results in the first tests. It was suggested that

additional techniques should be used, such as a dummy loop for checking electro-

magnetic coupling and calibration of the scope amplitude after each test. The

responsibility of the Launch Vehicle Section for conducting these tests was terminated

at this point, and any further testing was to be under the cognizance of the Environ-

mental Requirements Section.
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B. SPECIAL TESTS

1. Agena Hot-Firing Tests

An Agena and a dynamic mockup of the Ranger I spacecraft were used in the static hot-

firing tests conducted at Lockheed's Test Basin in Santa Cruz on May 3, 1961 (Ref. 48). The

tests consisted of a 150-sec firing followed by shutdown, restart, and a 100-sec firing.

Acceleration measurements taken on the spacecraft indicated that the maximum power

spectral densities (PSD) induced by the firing, in the case of the bus feet and the solar

panels, exceeded the limits set for JPL flight acceptance by the Type Approval specification.

The wideband (15-1500 cps) rms vibration level of all locations except the solar panels was

below the wideband rms level of the noise-burst portion of the applicable flight-acceptance

specifications.

The Agena vehicle was mounted in a test stand which was closed on four sides and at

the top by corrugated metal siding, and open only at the bottom, above the flame deflector.

Enclosed use of the stand undoubtedly caused sound pressure levels at the forward end of the

vehicle to be higher than those that would accur in an unenclosed stand. The vibration isola-

tion frequency of the vehicle's support structure was reported by LMSC to be below 15 cps.

The dynamic mockup of the Ranger I spacecraft configuration was the same as that used

in the LMSC compatibility test and was similar to the one employed in JPL composite struc-

tural tests. The Agena vehicle, adapter, and shroud were flight equipment (Serial #6001).

Two microphones were used to determine the sound pressure level during firing; they

were placed opposite each other slightly above the base of the shroud (one just inside the shroud,

and one about two feet outside).

Test Data

Data from the external microphone were lost because of a recording malfunction. The

frequency spectrum of a similarly located external noise measurement on a different Agena

was investigated, but there could be no direct substitution, of course, for the lostdata.

The sound pressure level of the internal microphone was plotted along with the external

noise spectrum supplied by LMSC. Assuming that the LMSC data was strictly applicable to

this hot test, it can be said that no attenuation was provided by the spacecraft shroud. Within

the accuracy of the data reduction, the spectra exhibited the same shape and the same overall

(15- 1500 cps) sound pressure level of 134 db.

Data from the internal microphone indicated an initial pulse of at least 0. 11-psi over-

pressure during the first ignition; the data were out of band at this point. A recording mal-

function obscured the presence of this pulse at the start of the second firing. The overpres-

sure pulse produced a 3-g rms ringout of the solar panels at their first natural frequency,

58 cps. This ringout decayed within about 10 cps and was replaced by random oscillation.
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Only thefirst 70 sec of themicrophonedataon thefirst firing were available for analysis; the
remainder of the first firing andthe entirety of the secondfiring were out of band. This was
causedby an instrumentation malfunction, i.e., a very low frequency(0.3 cps) oscillation
of the carrier, beginning70 secafter ignition.

Sinceit wouldbe fired only in space, the Agena, as the secondstageof the Ranger
vehicle, wouldnot, in flight produceacoustical excitation of the spacecraft. The value of
the acoustic measurementslay chiefly in thepossible correlation betweenspacecraft vibra-
tion levels andboth the external soundpressure level (givenby LMSC)andthe internal
soundpressure level (measuredin the hot test).

Data from both firings for the 12accelerometer channelswere reducedby 100-cps
bandpassfilters over a I0 - 2,000-cps region; it was apparentfrom this reduction that the
levels were constantthroughoutthe firing exceptfor starting transients. A 1.25-sec inter-
val 20 sec after ignition was chosenfor a frequency-spectrum analysis. A frequency-
spectrum analysiswas also performed, before ignition, for the purposeof determining a
recording-system noise level; it was assumedthat the level remained the sameafter ignition.
In both analysesa 29-cps bandpassfilter over a 15 - 1500cpsinterval was used. No sinu-
soids or quasi-sinusoidswere apparent.

It was notedthat the vibration spectra at eachlocationwere quite similar, regardless
of the orientation of the accelerometer. This was particularly apparentin the spectra of the
bus feet andapexring, andon foot A of the forward structure, the difference betweenthe x
andy orientation was especially noticeable.

The upper andlower baysof the solar panels illustrated similar spectra, with the
higher accelerations appearingon the lower bay. The solar-panel accelerometers were
mountedperpendicular to the panelin the center of eachbay. Calibration levels of the accel-
erometers were set high, in expectationof the high acoustically inducedwidebandvibration
levels. As a result, the recording-system noise level (especially 60and 120cps)makes
reduction of the low-frequency (15 - 1500cps) portion of the data spectrumdifficult. How-
ever, run andpre-run frequency-spectrum analyseswere performed ondata from three
spacecraft locations that were knownto havelarge low-frequency structural gains.

Table IX is a comparisonof the hot-test data andthe applicable noise-burst specifica-
tions on a basis of maximumpower spectral density andwidebandrms level. In the caseof
the bus feet andthe solar panels, the maximum PSDVsinducedby the firing were in excess
of the JPL flight-acceptancevibration specification andthe tangential measurementsof Bus
Foot A andthe solar panelswere in excessof the TypeApproval specification. The wideband
(15 - 1500cps)rms vibration level of all locations exceptthe solar penalswas below the
widebandrms input level of thenoise-burst portion of the applicable flight-acceptance speci-
fications.

The solar-panel measurementsillustrated the high vibration levels that couldbe in-
ducedby an intenseacousticfield acting on a large flat surface. Levels recorded in the
center of the panelbaysexceededspecification levels. Suchmeasurementsindicated a res-
ponseof the structure, whereas the specification levels were proscribed as inputs to the
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Table IX. Comparison of Hot Test Data and Noise Burst Specification

Location Dire ction

Apex Ring Y

Apex Ring X

Foot A, Fwd. Sir X

Foot A, Fwd. Str Y Y

Box #4, Flange X

Bus Foot D Z Z

Bus Foot A Tangential

Bus Foot A Radial

Bus Foot A Z

Top of Boom Y

Solar Panel X

Top Bay

Solar Panel X

Bottom Bay

NOTES: 1 •

Z.

3•

4•

Hot Test

Max PSD Loop RMS

8 g2/cps g

0025 •85

00075 .64

0080 l• l

011 1.3

0015 i. 1

015 -_ 2.7

027 -'_;:_ 2.6

0084 ;_ I. 7

010 ,:-" 2.1

0015 .74

33 ,_,_ 8.8

Noise Burst Specification
F A

PSD

2 gZ/cps

088

0077

0077

0077

0077

O88

T A

PSD

2 g2/cps

16

037

0095

0095

037

16

OO95

•OO95

T A F A

RMS RMS

g g

15. 12.

7.5 3.5

3.75 3.5

3.75 3.5

7.5 3.5

15. 12.

3.75 ---

•42 ,_;,_ 9.0 --- 3.75

RMS values given for 15 - 1500 cps bandwidth•

(;_)indicates Hot Test PSD in excess of Flight Acceptance (FA) noise

burst specification PSD.

(.-_;:c)indicates Hot Test PSD in excess of Type Approval (TA) noise

burst specification PSD.

Specification Power Spectral Densities (PSD) are nominal values•

The fact that the bus feet exhibited a response PSD that exceeded the

nominal PSD of the Flight Acceptance specification does not indicate that the

specification is inadequate. The specification also prescribes a sinusoidal

input sweeping from 40 to 1500 cps. Such an input has an infinite PSD at the

frequency of the sinusoid. Hence, the areas where the measured bus foot

response PSD was grea_er than the nominal noise burst PSD will be covered by

the sweeping sinusoid portion of the specification• The significant point to note

is that the over-all specification rms value was above that of the test data.
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attachmentpoints of the unit. Itwas expectedthat the structural gainbetweenthe panel
mountsandthepanel centerwouldbe sufficient to amplify the vibration test levels to
approachthoseof the hot test, at least at low frequenciesnear the panel resonances.

Althoughthe vibration levels appearedto be similar in eachmethodof excitation, the
methodswere distinctly different; furthermore, the damage-producingpotential of the two
methodswas not necessarily equivalent.

The hot-test data suppliedthe beginningcorrelation betweenknownsound-pressure
levels, andresultant vibration levels producedoncertain spacecraft components. For this
purpose, it wasassumedthat nearly all the vibration present was acoustically caused, by
exciting the spacecraft either through couplingwith the vehicle andshroud, or directly after
transmission through the shroud.

Both the internal and external wideband sound-ptessure level at the base of the shroud

was 134 db. If it was assumed that the vibration levels were directly proportional to sound

pressure levels, the hot-test levels should have been increased by 40% to correspond to the

maximum noise level (136.7 db at liftoff) observed at the forward end of an Atlas/Agena A.

Table X illustrates the hot-test wideband vibration levels extrapolated to correspond to a

136.7-db internal noise measurement. Wideband levels for the flight-acceptance noise burst

are also shown for the locations where a test input is prescribed, in the case of the bus feet,

the extrapolated levels were similar to the specification input levels. The validity of the

assumptions involved in this extrapolation was undetermined.

CONCLUSION

The recorded vibration response of the spacecraft to the high-level acoustic field gen-

erated by the hot test indicated that the Ranger spacecraft PTM and the flight-acceptance

test levels adequately represented the acoustically induced vibration that would be en-

countered. It would appear, however, that the adequacy of the noise-burst portion of the

spacecraft flight-acceptance test was marginal if the extrapolated values in Table X were

correct; for then the Ranger assembly flight-acceptance noise burst would contain a large

margin of safety.

Since the test levels were designed merely to simulate the deleterious effects of the

vibration which accompanies Atlas and Agena motor burning, a better determination of the

vibration environment could be obtained only upon analysis of actual flight measurement.

NASA was notified that the Air Force was planning to discontinue the hot firings at

Santa Cruz Test Base on September 19, 19 62. Since NASA was to assume complete cost of

the facility if it were to be kept operative, MSFC requested that JPL comment on the value

of the tests (Ref. 49). JPL answered that the value of these tests did not warrant their con-

tinuation, but that adequate data from earlier Agena flights should be made available(Ref 50).
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TableX. ExtrapolatedSpacecraftVibration Levels

Location
SCTB Atlas-AgenaA Flight Acceptance

Hot Test (I) Lift Off (Z) Noise Burst

Apex Ring, Y 0.85 g rms (3)

Apex Ring, X 0.64

Foot A, F.S., X i. 1

Foot A, F.S., Y 1.3

Box #4, X i. 1

Bus Foot D, Z 2.7

Bus Foot A, Tang. 2.6

Bus Foot A, Rad. 1.7

Bus Foot A, Z 2. 1

Top of Boom, Y 0.74

Solar Panel

Top Bay, X 8.8

Solar Panel

Bottom Bay, X 9. 0

1.2 g rms (3)

0.9

1.5

1 8

1 5

3 7

3 6

Z 4

2 9

I 0

12.

13.

---g rms (3)

IZ.0 (4)

3.5)

3.5 )
) (5)

3.5)

3.5)

12.0 (4)

(i)

C2)

(3)

(4)

(5)

Internal noise level 134 db, 15 - 1500 cps

Internal noise level 136.7 db, 15 - 1500 cps

15 - 1500 cps bandwidth

Ranger assembly Flight Acceptance Specification 30201

Ranger system Flight Acceptance Specification 30222
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Z°

a.

Smoke Tests

Preliminary Smoke Tests. Smoke tests were conducted at LMSC (Van Nuys) l_ebruary

28 to 29, 1961, on shroud and spacecraft materials which were to be used in the Ranger

program (Table XI). Originally, the tests were to determine (1) the extent of smoke

generation caused by aerodynamic heating of shroud materials, and (2) the effect of

smoke deposits on JPL specimens. However, the JPL specimens were not used in

these tests.

Five quartz lamps were used as a heat source (Ref. 51) in the tests which were

conducted within a 9 in-diameter bell jar. Suitable mounts were provided inside the

bell for test specimens, a radiant heat reflector, and temperature instrumentation.

A vacuum gage was used to monitor the internal pressure continuously. At the start

of each test, the initial pressure was 9 mm Hg. Temperatures were recorded through

the use of iron-constantan thermocouple wire which was spot-welded directly to the

test specimens. All interior surfaces were cleaned after each test to remove con-

taminants which may have been deposited.

These smoke tests were entirely qualitative in nature (Ref. 52). No means were

used to determine the amount of reduction in transmittance caused by the deposit on

the glass and, in fact, no permissible limits had as yet been established by JPL for

the optics of the spacecraft. The materials were tested individually; no checks were

made to determine possible interactions which might occur.
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Further tests on shroud materials were made on a continuing basis through

March and April 1961. Thermo-gravimetric analyses were made wherein substances

were heated to predetermined maximum values, smoke and sublimate formations were

analyzed, and weight loss was measured. In most case, the analyses included recom-

mendations.

The following analysis was made in March 1961 (Ref. 53):

Material

Beryllim nose cap

Adhesive-backed aluminum foil

Radiation heat shield of fiberglas-

phenolic

Permacel type P-621

Silastic Q3-0079

PR 1902 primer and PR 1930-4
cement

Silicone grease DE-33

Fluorolube GR-36Z

A-MD 12-09 wire

Zinc chromate touchup on Dow 19

and Dow 17 on magnesium

Alternate Material or Method

Preheat at 300-350°F for 5 rain

Use aluminum foil capacitance welded

in place

Use shield of alternating aluminum and

ceramic paper

Me chanically fasten

Me chanically fasten

Seal with an inorganic cement

Use molybdenum disulfide power

Use molybdenum disulfide powder

Use micatemp wire, Hi-temp. VM-215

with an aluminum-foil jacket

Use Dow 19 only for touchup

and the optic samples were prepared for examination.

were:

On April 18 to 19, 1961, LMSD conducted three tests on selected shroud

materials to determine their effects on JPL quartz optic samples (Ref. 54). In the

analyses, the remaining transmissivity and reflectivity of the samples were measured

as a function of wavelength.

Optic samples contained in these tests were one couvette, one plane-glass

sample, two Lyman-alpha mirror samples and three quartz samples. The mirror

and the quartz samples, both furnished by JPL, were to be used to determine the

smoking effect upon: the Lyman-alpha telescope mirror; and the Sun and Earth

sensors, solar panels, and temperature-control surfaces, respectively.

In the first test, the material samples were heated at 13 °/sec, until they reached

750°F; they were held at this temperature for 2 min; the pressure was then released

Materials used in this test

Beryllium (nose cone)

Magnesium Thorium (shield)

Dow 17 {internal coating of shroud)

Dow 19 {placed where Dow 17 is removed during manufacture)

Microtemp wire {antenna coupler)
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Aluminum sheet (heat shield)

Fiber Frax (dome heat shield)

Rusco BX 750 (seal cement)

During the test, outgassing was indicated by an increase in the internal pressure

from 9-22 mm of mercury. The beryllium broke away from the Rusco cement and

fell against the heating lamps, and the test was stopped so that the samples could be

rearranged. At the beginning of the test the top part of mirror sample no. 1 was

visibly fogged; however, this fog re-vaporized as the test proceeded. The tempera-

ture reached by the material samples, prior to failure of the beryllium adhesive,

was 350°F. After the beryllium was clamped into place and the nitrogen purged,

heating of the samples was resumed. The test was then completed as prescribed.

In the second test the same procedure was used; the bell jar was first purged

with nitrogen and then pumped down to 9 mm of mercury before heating of the shroud

samples. Samples were heated, at 10 °sec, to 350°F and held there for g rain. The

shroud materials used were:

Magne slum Thorium ( shroud material)

Dow 17 (internal shroud coating)

Silicon 0-ring (shroud seal)

Down Corning high-vacuum grease (0-ring lubrication )

Outgassing or smoking did not appear in any visible form during the test;

however, when the Lyman-alpha mirror, the glass sample and the couvette were

closely examined, a very slight deposit could be seen.

Test No. 3 was performed on Red Cerro Cement, which is used as a bonding

agent for shroud temperature gages. Other items in this test were magnesium

thorium and Dow 17. The cement was tested alone, from the previous high-temperature

materials, since it had not been decided whether or not it would be used. The tempera-

ture of the material sample was increased at 13°/sec, to a maximum of 750°F and

held there for Z min. There was visible outgassing of the material, and a very heavy

fog remained on the glass sample and couvette. The resistance temperature gage

peeled away from the magnesium thorium plate at about 350°F.

The results from the analysis of the JI=L quartz optic samples used in these

tests indicated that the transmissibility had been reduced by Z-4%. Five of the

Lyman-alpha mirror samples indicated that, at the Lyman-alpha wavelength, reflec-

tivity was reduced by 1 I/Z-3%. The other Lyman-alpha mirror indicated a reduction

of approximately 57%. As a result of the test on the Red cerro Cement, it was

decided not to use it in the shroud.
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b, Removal of adapter diaphragm. With the fiberglass diaphragm in the adapter, it had

not been necessary, from the spacecraft point of view, to prevent the use of out-

gassing materials in either the launch vehicle or the adapter. After the decision had

been made to remove this fiberglass diaphragm from the adapter for the Block III

flights, an action item was accepted by LMSC to report on adapter and shroud out-

gassing materials. LMSC began its review after a structural coordination meeting

was held at Sunnyvale on July 9, 1963.

Outgassing materials were found definitely to exist within the adapter (Ref. 55).

Cadmium-plated parts, zinc chromate dissimilar-metal protection, ink markings,

rubber gaskets, irradiated polyolefin wire jacketing, dry-film lubricants, and nylon-

connector contact fillers were found to evaporate, smoke, or outgas in measurable

quantities at the temperatures expected for certain areas within the adapter and

shroud. Corrective action consisted of the following:

(1) Cadmium plating

(a) Cadmium-plated steel screws, nuts, and nut plates were

replaced with silver-plated, corrosion-resistant steel

fastenings of similar type, except for a few screws which were

replaced by titanium fasteners.

(b) Cadmium-plated detail design parts such as bolts, pins,

nuts, and washers were stripped of their plating and given

manganese phosphate coating.

(c) Cadmium-plated electrical connectors, as well as the

electrical rotary disconnect at the spacecraft interface,

were replaced with components having gold irridite finish.

(d) Cadmium-plated terminal-board buses were replaced with silver-

plated parts.

(2) Zinc Chromate

Zinc chromate dissimilar metal protection was replaced with

epoxy-based resin EPI Bond 1Z3.

(3) Ink Marking

All visible signs of ink marking on the adapter were washed

with methyl ethyl ketone and thereby removed.

(4) Rubber

Rubber gaskets were removed.

(5) Irradiated Polyolefin

Wires which were jacketed with irradiated polyolefin and which

were subjected to temperatures exceeding 140°i _ were double-wrapped

with aluminum foil. In areas not exceeding 200°F, the foil was re-

tained by pressure-sensitive silicone adhesives. Aluminum foil on
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C.

harnesses subjected to temperatures above Z00°F was retained by string ties.

In some cases, it was necessary to replace existing wires with teflon-

coated wire (480°F) or high-temperature mica insulated wire (1000°F),

since foil wrapping was inadequate.

(6) Lubricant

Dry-film lubricant Type I (200°F) was replaced by Type II (500 °)

(7 ) Nylon

Nylon-connector contact fillers in high-temperature areas were

replaced by teflon fillers.

These actions were all taken to minimize the degradation of cleanliness in the

spacecraft cavity and to prevent contamination of the spacecraft itself, both of which

might have been incurred when the diaphragm was removed.

Atlas/A_ena separation gases. Early in 1964, LMSC investigated the problems as-

sociated with possible impingement of the Atlas retromaneuver combustion products

on the Mariner Venus spacecraft (Ref. 56). The results of the investigation also

applied to Ranger spacecraft (Ref. 57).

Atlas/Agena separation is assisted by the firing of two retrorockets mounted on

opposite sides of the Atlas/Agena adapter; their thrust axis is aligned 7.75 deg from

the vehicle longitudinal centerline. In the region of the spacecraft, it is calculated

that during the entire burn time only 2/I, 000,000/Ib of gas particles will pass through

an area 1-in. square normal to the gas flow direction. The amount of gas which will

adhere to surfaces parallel to the flow direction will be less than this value.

The method of characteristics was used in a computer program to calculate the

flow. Calculations were based on the following rocket characteristics:

Chamber pressure

Chamber temperature

Ratio of specific heats

Nozzle-area ratio

Nozzle half-angle

Gas, molecular weight

Nozzle-exit diameter

Burn (action time)

725 psia

5014 deg Rankine

I.Z56

7.16

8 deg, Zl rain

26.3 BTU/Ib deg R

2.0 in.

0. 925 sec

For each rocket, the weight per unit area that would strike a surface normal to

the flow, during the entire burn time, is plotted against distance from the nozzle in

Fig. 35. The average value over the length of the spacecraft is approximately two

millionths of a pound per square in. normal to the flow direction. The composition

of the exhaust gases is given in Table XII.

Two Atlas retrorockets were fired successively at a simulated altitude of
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300,000 ft in the 60-ft vacuum facility at the NASA Langley Laboratory. The exhaust

gases were allowed to impinge on sheets of aluminumized mylar, oriented normal

to the flow, during the Program 823 shroud-development tests. The distance between

the rockets and the aluminumized mylar was the same as the distance from the rockets

to the bottom of the spacecraft. However, the successive firing of two rockets in the

same location, and containment of all the gases in the 60-ft-sphere test chamber were

considered to be an overtest, since more material could be expected to collect on the

mylar thanwould collect in space. A thin film could be seen on the mylar.

The emittance of these mylar samples was then measured at the LMSC

Research Laboratory (Palo Alto). Room-temperature emittance for the complete

spectrum was measured from 7-40 m. The samples were then cleaned and re-

measured. There was no change of emittance to the accuracy of the measurements

(1%).

Contamination of the spacecraft by the Atlas retrorocket exhaust gases appeared

to be unlikely; however, if positive assurance was desired, verification could only

be obtained by the performance of contamination tests of typical spacecraft surfaces

and electronic equipment under simulated space conditions.

Table Ell. Products of Combustion from Atlas Retro Rocket

Exhaust Gas Weight Exhaust Gas Weight
Constituent Per Cent Constituent Per Cent

H 20 23.80 COS Trace

HCI 24.20 Hs Trace

CO Z 23. i0 MgCI z Trace

CO I i. 70 SO Trace

H Z 0.84 C 1 T race

N Z 9.65 H Trace

HzS 4.44 CS 2 Trace

S 2 i. 50 NH 3 Trace

SO 2 0.37 OH 3 Trace

99.60 subtotal

Metal additives: Iron and Aluminum powder, Z% by weight, each

0.40

I00.00

subtotal

Total
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3. Temperature Control

Control of the thermal interface for the Ranger spacecraft, after itwas matedwith

the launch vehicle, was the responsibility of LMSC. JPL provided information to Lockheed

concerning the dissipation o£ power versus time (power profile), the location of components

on the spacecraft, and the operating-temperature limits of the components.

In order that a compatible thermal environment be provided for the spacecraft, the

final design for thermal control placed several constraints upon the Agena shroud. Among

these was a requirement for on-pad cooling of the spacecraft during checkout and launch

operations, a constraint upon the inner-shroud wall temperature during boost, and a mini-

mum altitude for shroud ejection. Additionally, a requirement for the minimum parking=

orbit altitude was established.

The ground cooling system selected consisted of an air conditioner located at the base

of the umbilical tower; the ducting necessary to carry the air to the top of the launch vehicle;

and a cloth blanket wrapped around the shroud, which distributed the conditioned air and

maintained a uniform temperature on the outer surface of the shroud. Earlier Thor-Agena

vehicles had used the same type of system. Since the use of this system meant that no air

would be introduced under the shroud, the shroud compartment could be not only previously

sterilized, but also but also maintained in a sterile condition. The latter was a requirement

for Block If.

Two tests of the ground cooling system were made prior to its use on Ranger I. In

the first (conducted at Van Nuys in April 1961), the flight-type launch-vehicle hardware and

a dummy-payload equivalent heat source were used. No problems were encountered.

In the second test (conducted at JPL), a live spacecraft was inside the shroud. Al-

though the air conditioners at JPL were not adequate enough to provide the specified flow rates

and temperatures, the test results, when converted to the design conditions convinced all

concerned that the design was adequate. Subsequent use of the design on Ranger justified

the above conclusion.

Some means was required for protecting the spacecraft from the high shroud tempera-

tures which would be experienced during the ascent phase of the flight. If protection were

not provided, certain components of the spacecraft would over heat. An engineering analysis

determined that a temperature not over 500°F and a surface emittance of not over 0. I

were safe values and established limits below which the spacecraft would not be damaged.

To maintain these limits, a thin polished aluminum shell was installed on the inner surface

of the shroud for use as a radiation shield. Analysis indicated that the temperature of the

shield would be well below the 500°Flimit, and no ground tests were deemed to be nec-

essary. Subsequent flight data verified the analysis.

The shroud=jettison altitude for the Agena trajectory had been designed to occur high

enough that extremely low aerodynamic heating rates would be felt by the spacecraft only

after the jettison; therefore, no constraint was actually placed upon this parameter. A mini-

mum altitude which would hold the aerodynamic heating rate at injection to an acceptable
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level, had been determined for the parking orbit. This minimum altitude became a con-

straint upon the launch vehicle. Flight temperatures showed no indications of any aerody-

namic heating effects.

Tests were conducted in the Lockheed Static Test Hangar on June 22, 1961. The test

temperatures simulated critical aerodynamic heating and were conducted on a nose-cone

assembly, including radiation shields and antenna coupler.

Purposes of the tests were to determine: the structural soundness of a nose-cone

structure; and the internal temperatures occurring at designated areas when in a simula-

tion of critical aerodynamic heating, the nose cone was subjected to externally applied heat.

The test specimen consisted of the nose-cone assembly, an omnidirectional-antenna

coupler and a thermal radiation shield. The nose-cone assembly was mounted upright on the

test stand, and radiant-heat lamps were arranged uniformly about the external surface of

the structure. Test heating was applied with 1,000 T-3 radiant-heat lamps; power was

supplied and controlled by Westinghouse Ignitron and Lockheed automatic-control equipment.

Nose-cone, radiation-shield, and antenna-coupler temperatures were measured with

thermocouples recorded by a Brown automatic recorder and Visicorder. The thermocouples

used for control of test temperatures were located on the skin, midway between structural

rings and away from any components.

The desired temperatures, as shown in Fig. 36, were applied twice during a 0-140-sec

period. All temperature recorders were turned on simultaneously at zero time, and ternper-

erature readings were taken continuously during the test time interval.

Surnmary of Kesults

The nose-cone assembly showed no visual damage caused by external heating (which

simulated critical aerodynamic heating). Tabulated data was accumulated, and plots were

made showing temperature vs time for each thermocouple.

4. End-to-End Calibration

Measurements of in-flight vibration had been made on all Ranger I - VII flights; how-

ever, the accuracy of the measurements had not been determined. In June 1964 a review of

the instrumentation and calibration techniques which had been used up to that time was re-

quested (l%ef 58). An evaluation was deemed necessary since it was held that the validity

of results, in the analysis of acceleration and vibration data, depended to a varying degree

upon the gain and phase characteristics (or complex transfer function) of the overall measure-

ment system.

During the previous philosophy, it had been assumed that ca/ibrations of individual com-

ponents could be relied upon and that they were sufficient to construct a representative

model of the dynamic environment from the data received (1_ef 59). It was possible at that

time for instruments to be received from a manufacturer and placed in a launch-vehicle

recording system without a check of their individual characteristics. Furthermore, the
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data received from the system was expected to provide the information required without the

benefit of an overall system calibration. For these reasons, the quality of the data, in

terms of the power spectral density (describing data of a random characteristic), the shock

spectrum (defining data of a transient nature), and a Fourier analysis (describing periodic

data), was unknown. More sophisticated analyses, wuch as the determination of cross-spectral

densities, correlation coefficients, or coherence functions could not be attempted unless

gain and phase functions were completely defined for the measurement system.

After a series of conferences, and upon receipt of information that a complete

end-to-end, full-range shaker calibration was in use at AFETR in the Polaris program, it

was proposed (Ref 60) that this facility be made available for the calibrations of Ranger VIII

and 1X instrumentation. This facility was made available and was used for the last two

Ranger flights (Ref 61 and 62).

In general, the method of accomplishing end-to-end calibration consisted of physical

excitation of the transducers by means of an electrodynamic shaker, transmission of the

signal through the complete vehicle telemetry system to a receiver, and recording of the

composite telemetry signal on magnetic tape (Fig. 37). A reference transducer signal was

also recorded by means of a wideband FM recording system used to measure the physical

input. For convenience and repeatability, the shaker motion was programmed by a pre-

recorded magnetic tape which contained sinusoidal signals varying in frequency from

5 - 3000 cps, a complex wave consisting of five sinusoids not related harmonically, and two

random-noise signals with nominal bandwidths of 1000 cps and 4000 cps. The schematic

diagram of the calibration system is also shown in Fig. 37. In addition to the calibration

signals obtained from the programmed tape, static calibrations using the Earth's gravita-

tional field were recorded where applicable.

The reference transducer and its associated amplifier were calibrated by an indepen-

dent testing agency over a frequency range of from 30 - 2000 cps. The worst accuracy

quoted was 5% (at the higher frequencies). This calibration indicated the system response

to be flat within +5% over the calibrated range. From previous independent manufacturer's

calibrations, this had been assumed to be true over a greater range, i.e., from 20 - 3000

cps.

Manufacturer's published data was used to determine the error in the recording and

reproducing systems (voltage-controlled oscillator, discriminator, and low-pass filter) due

to non-linearity, drift, stability, and frequency response characteristics; the error was con-

servatively estimated to be +5%. Thus, a total error of ±10% was estimated - again conser-

vatively - for amplitude measurement.

Since each measurement system phase was based upon an arbitrary time reference, the

error in phase was essentially cancelled. The absolute phase response was therefore not

required for the comparison of two or more measurement systems. However, an error did

exist in the relative phase fun=tions, at frequencies close to dc, because of the high-pass

filter nature of the Endevco reference measurement system. This could have been elimi-

nated by substituting a measurement system with dc response for determining the input

accelerations at low frequencies.
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The end-to-end calibration yielded results of increased accuracy, and it supplied addi-

tional information about the complete system performance information which could not have

been acquired by piecewise calibration or analysis. The technique also supplied a means for

comparison between various data reduction systems by providing an overall calibration

source. A choice of processing techniques could be made independently among various users

of the flight data without conflict of results.

Determination of system gain and phase functions also allowed for correction of re-

duced data or for immediate correction during the processing phase. Once the raw data had

been properly corrected for these effects, any amount of sophistication which might be desired

was made possible through the further reduction of data.

The transfer functions determined from these tests were based upon the sinusoidal

calibrations. Techniques were also found to be available for evaluating random-vibration

inputs and under certain restrictions, estimates of the system noise spectrum and signal-to-

noise ratios could be determined. It was recommended that these techniques be developed

and evaluated for comparison with the sinusoidal results. If they developed, then only a

short burst of random noise would suffice for a calibration, in place of the time-consuming

sinusoidal series. Another recommendation was to improve the low-frequency response in-

formation by incorporating a reference-measurement system with dc response.
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APPENDIX A

VEHICLE SERIAL NUMBERS

Appendix A shows the relationship of spacecraft serial numbers, Block numbers,

Agena serial numbers, spacecraft/adapter drawing numbers, and Atlas booster serial

numbers for each of the various flight configurations. Because of the weight-saving program

which appeared in the design for Block III, the adapter diaphragms were omitted in these

flights. In some cases the fiberglass diaphragm was actually sawed from an already-

assembled adapter; in other cases, adapters were assembled without diaphragms. These

differences are indicated under the "Remarks" columns.

Space- Block Agena Adapter Atlas

craft No. Serial No. Drawing No. Serial No.

Ranger I I 6001 1314318 1lID

Ranger II I 6002 1314318 II7D

Ranger I11 II 6003 1314318 IZlD

Ranger IV II 6004 1314318 133D

Ranger V II 6005 1314318 215D

Ranger VI III 6008 1359755 199D

Ranger VII Ill 6009 1360210 Z50D
1338541

Ranger VIII Ill 6006 1360224 196D
1314318

Ranger IX III 6007 1359755 204D

Remarks

New adapter built

without diaphragm

Adapter reworked
from the Mariner

Venus spare (built

without diaphragm)

Adapter reworked

from one originally
fabricated to Ranger

Block 11 drawings

New adapter built

without diaphragm
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APPENDIX B

LAUNCH-ON- TIME EXPERIENCE

The following is a summary of the problems encountered for Ranger flights during the

period from start of countdown to launch. Problems, holds, and cancellations are listed for

each mission. Figure 38 displays the countdown interruptions occurring during each attempt

and gives the total number of days in the various launch periods, the launch attempts per

launch, and the window penetration prior to launch (Reference 64).

Ranger I

There were five attempts to launch the Ranger I/Atlas IIID/Agena 6001 vehicle:

i,

2.

3.

4.

5.

The first attempt, on July 29, 1961, was scrubbed at T minus 27 minutes

because of industrial and Cape critical power failures.

The second attempt, on July 31, 1961, was scrubbed prior to entrance into the

Atlas portion of the countdown because of a leak in the spacecraft attitude-

control system.

The third attempt, on August I, 1961, was scrubbed at T minus 15 minutes when

LOX transfer valve LBI stuck open. LOX had been detanked in order that an

Agena oxidizer tank low-pressure indication could be investigated.

The fourth attempt, on August 2, 1961, was scrubbed prior to entrance into

the Atlas portion of the countdown because the spacecraft pyrotechnics were

inadvertently fired.

In the fifth and final attempt to launch Ranger I, countdown was started at

19:27 EST on August 22, 1961, and resulted in liftoff 22 minutes, 10.26 sec

after the start of the 63-minute launch window. At T minus 50 a hold was

called which lasted 28 minutes to allow for service tower removal, and for the

performance of checks on the Atlas displacement gyro torquing circuitry. At

T minus 5 another hold was called lasting 9 rain because of a guidance temperature

problem.
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Ranger II

The Ranger ll/Atlas ll7D/Agena 6002 vehicle was launched on November 18, 1961.

The first launch attempt was scheduled for the night of October 19, 1961, but was unsuccess-

ful.

I.

3.

4.

5,

.

The countdown on October 19 progressed smoothly until T minus 45 min after

the Atlas autopilot guidance loop test. The "initiate separation sequence"

discrete did not reach the autopilot programmerj and the problem could not be

resolved in time to launch within the window. The problem was later found

to be due to an open circuit in a three-way splice; wire ZB 131AZZ to pin A of

plug 301U3P1 on the GE guidance decoder had pulled out of the splice.

The flight was rescheduled for October 2Z, and then postponed to October 23

in an effort to reduce the magnetic field at the magnetometer, when the spacecraft

was returned to the hangar for replacement of some components. On October Z3

the countdown proceeded smoothly to about T minus 40 rain when another cancel-

lation was required because of a hydraulic fluid leak in the Atlas VZ engine.

A third countdown attempt was cancelled when word was received from Lock-

heed that the Agena could not be cleared for launch because of hydraulic problems

encountered in an in.flight failure of a Discoverer on the previous day.

The fourth and final countdown for the Ranger II vehicle was on November 18,

1961. At T minus 60 min, an 88-min hold occurred. The first 70 rain had been

planned to meet launch-window requirements; however, replacement of the

service tower around the missile (for the purpose of an Agena guidance check)

required an 18-min extension.

At T minus 31 min a hold was called for 4 rain because of a frozen valve in the

LOX tanking system.

At T minus 5 min an 18-min hold was called because of oscillations on the

Gilmore-weight digital readout panel during subcooled LOX topping. The actual

LOX level was determined by slightly raising the LOX tank pressure to dampen

the os cillations.

Ranger III

The Ranger Ill/Atlas IZlD/Agena 6003 vehicle was launched from AFETR Complex 12

on January Z6, 1962, after several minor holds.

I. At T minus Z05 min a 30-rain holdwas called so that igniter installation of the

Atlas engines could be completed.
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2.

3°

A 70-min hold had been planned for T minus 60 min to meet launch window

requirements

At T minus 5 min a 10-min hold was called. The first 5 rain had been planned to

meet window requirements. This was extended 5 min so that LOX topping could

be completed.

Ranger IV

The Ranger IV/Atlas 133D/Agena 6004 vehicle was launched from AFETR Complex

12, on April 23, 1962.

I.

2.

3.

4.

5.

At T minus 60 min an 85-min hold was called. The 70-min hold planned was

extended for 15 min as umbilical P1005 was inadvertently knocked out early in

the hold. The pneumatic-panel differential-pressure warning light came on,

indicating a false zero bulkhead differentialpressure, and subjected the missile

to Sequence II pressures. The umbilicalwas re-installed and restepped to

Sequence I pressures which were satisfactory.

At T minus 40 min a hold which lasted for 6 min was called so that GE evaluation

of loop test No. 2 could be completed.

At T minus 15 min an 8-min hold was called so that LOX tanking could be

completed.

At T minus 5 min a 6 min hold occurred, as planned, to meet launch-window

requirements. Launch Plan 23G was established.

At T minus 2 min 27 sec a hold was called which lasted for 8 min due to a GE

guidance redline callout. The count was immediately recycled to T minus 5 rain.

The ground guidance track transmitter power was low due to a faulty cabinet door

interlock in the guidance ground station. This situation was corrected and GE

guidance reported a "go" condition at 1540 EST. The launch planwas revised

to 23H and the countdown was resumed at 1545 lEST, proceeding through launch

without further difficulty.

_Ranger V

Ranger V/Atlas 215D/Agena 6005 was launched from AFETR, Complex 12, on

October 18,

I.

148

1962, on the third day of its four-day launch period.

Due to spacecraft problems encountered prior to the first launch day the attempt

was postponed for one day.
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J

Z,

3.

4.

The launch attempt was rescheduled for the third day of the launch period

because of an unfavorable weather prediction (Hurricane Ella).

At T minus Z45 a hold was called which lasted 60 min to replace the power

supply and the voltage regulator in the S-01 telemetry system.

At T minus 25 a hold was called which lasted Zl min to further evaluate the

wind conditions and complete LOX tanking in the Atlas.

Ranger VI

The Ranger VI/Atlas 199D/Agena 6008 vehicle was launched from AFETR Complex 12

at 15 hr 49 rain 09. 092 sec Zulu, on the first countdown during the first day of the firing

period.

The launch countdown proceeded normally, with holds called as follows:

I. A hold was called at T minus 155 rain due to a problem with the Atlas fuel tank-

ing operation. This hold lasted 23 rain.

Z. A scheduled hold was called at T minus 60 min, with a duration of 35 rain.

3. A hold was called at T minus 15 rain. The GE guidance ground station lost a power

supply and replacement of the module and validation caused an extension of the

hold. The hold was extended three times, with a total duration of 40 rain.

4. A scheduled hold at T minus 7 min lasted 7 rain Z sec.

Ranger VII

The Ranger VII/Atlas Z50D/Agena 6009 space system was launched from AI_ETR Com-

plex 12 at 16 hr 50 min 07. 873 see Zulu on the second attempt the second day of the firing

period, July Z8, 1964. The countdown proceeded smoothly to firing without any unscheduled

holds.

On the first attempt holds were called as follows:

1. At T minus 51 rain a 70-rain hold was called to allow replacement of an Atlas

te leme try battery.

Z. At T minus ZZ min a hold was called because of a GE Mod IIG ground guidance

problem. The launch was then scrubbed since the problem could not be resolved

in time to meet the launch window requirements.
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Ranger VIII

The Ranger VIII/Atlas 196D/Agena B6006 vehicle was launched as scheduled on the first

day of the launch period. Liftoff was at 17:05 hr GMT on February 17, 1965, less than i sec

into the window.

I,

2.

3.

At T minus i00 rain a 15-min hold was called to remove a colored flag from the

launch vehicle. The flag was marked "Do Not Remove", and was left on inad-

vertently. Only 10 min of the allotted time was actually needed. The hold

was called at 14:15 hours and lasted until 14:25 hours GMT.

At T minus 60 min the scheduled 60-rain hold was cut down to 50 rain to make

up for the previous unscheduled hold. This scheduled hold began at 15:15 hours

and lasted until 15:55 hours GMT.

At T minus 7 min a scheduled 10-min hold took ;lace. This hold began at 16:48

hours and lasted until 1658 hours GMT.

Ranger IX

The Ranger IX/Atlas Z04D/Agena B6007 vehicle was launched as scheduled on the third

day of the launch period. It was decided that there would be no attempt to launch on the first

two days of the launch period because of relatively poor lighting conditions at the most

desirable target point on the Moon. Liftoff was at 21:37 GMT on March Z1, 1965, 26 rain

after opening of the window.

Because of the urgency of getting off within the short (63 min) window on this day, the

two built-in holds at T minus 60 min and at T minus 7 minwere rescheduled for 90 min

instead of 60 rain and 15 min instead of 10 rain respectively. Three unscheduled holds were

called in addition to the regular built-in holds just mentioned.

I. At T minus 255 rain (15:11 GMT) an unscheduled hold was called because

of an Agena velocity meter check. This hold lasted for 8 min.

2. At T minus 240 (15:34 GMT) an unscheduled hold was called for completion of

blockhouse tests. This hold lasted for 17 min.

3. At T minus 60 (18:51 GMT) the scheduled 90-min hold {see paragraph above)

was reduced to 65 min to make up the time lost in previous unscheduled holds.

4. At T minus 7 min (20:49 GMT) the 15-min scheduled hold was called.

5. At T minus 3 min (21:08 GMT) another unscheduled hold was called due to the

necessity for review of an anomaly in the Agena velocity meter readings. The

hold lasted for 22 min. At 21:30 GMT the countdown was resumed by recycling

to T minus 7 rain and proceeded to a successful launch at 21:37 GMT.
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APPENDIX C

SPACECRAFT/AGENAB INTERFACERELATEDDRAWINGS

AppendixC is a list of LockheedMissile andSpaceCompany(LMSC}drawingswhich
were received at JPL for the Rangerprogram. Aperture cards for all of the drawings are
on file in appropriate locations. TheBlock III interface drawingsfor Rangerare identified
by a single asterisk (':-'). Towardthe latter part of the program somedrawingswere known
to havebeenrevised andothers were knownto exist, but thesewere never received by
JPL. Drawings requestedby JPL are markedwith a doubleasterisk (::=-",=},andother draw-
ings pertaining to Rangerare marked with a triple asterisk (_'_,:-'_':_).
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LINER NOSE CONE
LINER NOSE CONE
LINER NOSE CONE

LINER ASSY NOSE CONE
LINER NOSE CONE

CLIP NOSE CONE THRN
FAIRING PAYLO EQUIPT

FAIRING PLUG

SPACER THRM INS
CLIP THRM INS

WEIGHTS INSTL NOSE CONE RA6 B3 I

LMSCq i

ASSEMBLY

133871q H/D F/C & GUIDANCE
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133|TZ2

133883L

1338842

EC! 1338846
EC! 1338868
ECI 1338883

1338899

EC! |338q18

1338q6!

1339812
1340t65
|340t7B

|340295

1340296

1340297
1340300

|340430

L34050|
1340560

1340610

1342451
1342455
1342532

1342538
1342539

1342540
1342542

1342583

134258g

1342741

1342748

134275C

WIRING OIAGRAN SQUIB

TELEMETER & BEACON
DIAPH FHD MIDBOOV
BRACKET SPT PAYLOAD ANT

PVRO ORDNANCE INSTAL
INTERCONNECT WIRING OGN
TERMINAL OO INSTL

VEHICLE TEST PLAN
DISCONNECT [NSTL SIC SEP

VEHICLE TEST PLAN
DOUBLER 6ULKHD

BRACKET POTENTIOMTR MTG
HIRING DGN TLM CONTROLS

FAIRING DISCONNECT
FITTING SABE ARM

BOSS STERILIZATION
COVER STER FILTER

FITTING-OUTLET FILTE
PROGRAMMER FN/FN ASSY

BRACKET PAYLOAD ANT SPT
INSTR INSTL BOOSTER

EXPULSION INSTL
COMPONENT INSTL STER
BRACKET NONITER SHITCH

PLAN
WIRING DGM TM FM/FM

AGENA GROUND COOLING
TOP SUMMARY ELECT NOD

HIRING DGM SQUIBS
W DIAG S/C INTERFACE

HIRING DGM TLM & BEACON
SCHEMATIC DGM

INSTRUMENTATION SCHEDULE
NTATION SCHEDULE

INSTRUMENTAT|ON SCHEDULE

TELEMETER FM/FM

FN/FM
TELEMETER FM/FM

HIRING DGM TLN FMIFM
HIRING DGM TM FMIFM

SCHEMATIC DGM TM FMIFM

SCHEMATIC DGN TM FNIFN

EQUIP INSTL

BRACKET MTG TV CAMERA

LIGHT INSTALLATION TV

INSTR [NST XDUCR SiP SYS

WIRING DGM TM £ BEA

BRACKET IV CAMERA

BRACKET ASSY

BRACKET ASSY

BRACKET HTG TRANSDUCERS

ACCELEROWETER & ANPL

BRACKET MTG XDUCER ANPL

SHROUD HALVES OGIVE CLAM

STRUCTURE ASSY

INSTR INSTL PAYLD AOAPTR

INSTRUMENTATION INSTL

;TRUCTURE ASSY PAYLOAD

LNSC
LMSC

.NSC

.MSC

LMSC
LNSC

LNSC

LMSC
09164 LMSC

09164 LNSC

B3
B31

RA 63

156



ED-333 Appendix C

C

K

_K

J

J

E

NUMB£R

1360218
1360219 os

1360224 *** A

11360585 A

1360726 • A
1360134

1360735 •
|360738 *

1360819 •
1360836

13608501

13608511
1360993 **
1360994 .a

J 1361287 • C
81 1361303 I

1361306
1361428 *

,361.ok A
13615121 A

O X 1363190
J 1363191

-,,I i 1363257 k

JI 1363687 ee

5i 13636881363689

O! 1363873
E 1364440 A

D 1364466 a
E 1364467

J L364841
J 1364845

K 1365054
K 1366905

K L 366905
D 1368031

i 1368032

L38OLOO
1395001

1395003

d 1395007
J 1395008

J 1395013
J 1395014

J 139501S

J 1395045

jJ 1395050 J
1355057

C 139525] a

J 1395272
J 1395Z73

C 1395291
C 1395Z93

J |39531!
J 1395337
C 1395331

J 1395365
J 1395368

C 1395764
J 1395765

C 1395871

9 1396018 ee a
J 1397131 00.

C 1397133 e,.

0 1397134
A 1410039

Jl |QIOZ'@ I

1412507
I 141ZTOi *e [

1412799 *e 8
A L_14Z47 oeo A

A 1414356 *e A
a 19,19,9_ u

1414606 oe

C 14_1046-'

F 1460023 F
r] LqoOb*i

J 1660699 A
B Lqoxul. /L

O 14.61051 A

CLAMP ASSY

INSTL OF INSTR SHROUO
STRUCTURE ASSY PAYLOAD

RETAINER INSTL VERT SEP
VEHICLE TEST PLAN

SUPPORT ASY PAD TV CLOCK
PAO TV CLOCK ACTUATOR
THERMAL SHIELO KIT

INSTRUMENTATION INSTALL
BARREL ASSY AXIEJ SHROUO

SHROUD ASY STRUCT AX/EJ
LINER ASSY

VEHICLE TEST PLAN
VEHICLE TEST PLAN

INTERFACE DRAWING
SUPPORT SOUND PRESS SYS
SUPPORT ASSY SOUND PRESS

COMPONENT INSTALL
INSTR INSTL SHROUD

INSTR INSTL AXIAL ACCEL
FITTING SEP INIT TIMER

SEPARATION INIT TIMER
LIMIT STOP INSTALLATION

INSTR INSTL SHROUD
INSTR INSTL AXIAL ACCEL
INSTR [NSTL RADIAL ACCEL

STIFFENER CONICAL PAYLO

ADAPTER ASSY
HARNESS ASSY
RECPT ASSY

ROUGH CASTING
ROUGH CASTING OOOR FRAME

DOOR FRAME
NIR DGM SIC INTERFACE

MIR DGM SIC INTERFACE
BLOCK MTG VIEROMETER

BRACKET ASSY AMPLIFIER
CAVITY PARASITIC ANT

FORMARO SECTION
GUIDANCE MODULE

AFT SECTION ASSY
BOOSTER ADAPTER

VEHICLE ASSY
STRUCTURE FNO SECT

STRUCTURE ASSY
STRUCTURE ASSY

STIUCTURE AFT SECT
DOOR DAY 2

DOOR DESTRUCT ANT
DOOR DAY 6
DOOR DAT •

RO0 CONNECTING ASSY
FITTING ROD ENU

PORMARO DOOR BAY 1
PLATE SEQUENCE TIMER

HELIUM TANK PEOESTAL
AFT OOQR BAY 1

DOOR BAY 8
UMBILICAL O00R
PANEL FUEL VENT

COUPLING A$SY
ELECT HINOOW ANT C BAND

C-BANU BEACON ANI_NNA
PROBE

CAVITY A$SY C-BAND ANI
NO TITLE
SP_G _uwFumt SVMU¢,V

OUNNY VALVE PROPELLANT
|ELEIql_T_R P_lP_ IYPt 3

TELEMETER FM/FM
SEALING _Pt_IPI_AIIUN

SPEC C_C SUBSYS 6006°9
IIA LAUm,.. L uOLO LI_(

PROGRAMMER TLM CONTROL
ARPLIPI_R INmN_U_,_R

BLANKET TEMP CONT

BLANKET TEMP CONTROL

CONNECTOR PLUG

I_es_,i ] mEurasEDWG

,_v. slat _o v. code

i l I05,63LMscLMSC

I631LMSCt Ig ,63LMsc
i:6163,LMSC, I LMSC

ii 163_LMSC

O61b31LNSC

07163 LMSC
F63 LMSC

RA8 83

RA6 B3

RA 83
RA 83

RA 83

j iV t LMSC06!63 LMSC

I I LMSC RA9 83LMSC RAT 83

LMSC RA 837!63 LMSC RA 63

'07163 LMSC
I !OT'63iLMSC RA 83

I ILNSC RA 83; 8,
) .i63 LMSCi LMSC

11 63 LMSC
LI 63_3 LMSC

11 63 LMSC

63 LMSC

12 63 LMSC
02 64 LMSC
12 63 LMSC

11 63 LMSC
12 63 LMSC

12 63 LMSC
06 64 LMSC
06 64 LMSC

09 64 LHSC

09164 LNSC10160 LMSC

05J62 LMSC
I LMSC

05162 LMSC
04162 LMSC

09162 LMSC
03562 LMSC

05162 LMSC
03162 LNSC

03162 LMSC

04162 LNSC
02162 LNSC

04162 LMSC

U_ibZ LN_
02162 LMSC
OZ 62 LR_
04 62 LMSCI
02 62 LMSC;

03 62 LMSC
04 62 LNSC_
04 62 LMSC'

04 62 LNSC
04 62 LMSC

05 62 LR$C
05 62 LMSC

05 63 LRS_
04 63 LMSC

10 6_ Lm$_
V LMSC

Ul 61L_$_
08 61LNSC

V LNSC
I LNSC

08163 LRS_
06163 LNSC

12163 LMSC

uuloz L_

V I LMSC

_u;_ LNSC

164 LMSC

01164 LMSC

RA 63
RA B3
RA 83

RA8 B3
RAg 63

RA 83

RA 83
RA 83

RA O_
RA B3

KA B)
RA B3

RA 63
_ b3

NEXT

ASSgMGLY

]

JP_ ISiS JUN
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JkAtiATl

1461T0_

146A1992

1501502
150150]

LSL2S8©
L512S81
LSL2582

15L2S84
LSL26Sq

LSL4654
I514655

1515114
LSLSILg

1515121
1515186

1515187

tSISI96
1515158

1516113

1516115

151611J
1516117

1516121

15L6142

TANK GAS

C-BAND TRANSPDNOER TYPE

RECEIVER-DESTRUCT

CABLE J8 TO 8HC

CABLE TYPE A
CABLING LAUNCH COMPX

SUPPORT CARD
DETAIL SCHEM GUIO

DETAIL SCHEN LAUNCH
SCHEN VEH STATUS IN(;

DETAIL SCHEM TELENTY

OETAIL SCHEM FUEL

DETAIL SCHEM GHS INC
DETAIL SCHEMATIC

OETAIL SCHEM GRO PWR
OETAIL SCHEMATIC SUBSYS
SCHEM AC-DC PWR OIST

SCHEN DIA AC • 04(; PW
DETAIL SCHEM UMBEL CABLE

CHASS ELECTRICAL EGU
MOUNTING

DETAIL SCHEM PAYLOAD
PLATE CONN JPL BDT

CONNECTOR PANEL ASSY
PANEL CONNECTOR
RING CABLE ROUTING

PLATE CONN JPL TOP

CONN PLATE JPL TOP

CABLE ASY READY CONT

CABLE ASSY JPL INSTR
PLATE CONNECTOR

TOP
CONN PLATE BOTTOM

JPL UNB WIRING DGM
CONN _ JPL BOT

CABLE ASSY JPL POWER

CONN PLATE JPL J6

CABLE ASSY

DETAIL SCHEW BOOM

JUNIOR RETRACTOR

CABLING

HOISTING AOAPTER

MAST CABLING INST

GUIDE FIXTURE

CABLING LAUNCH COMPLEX

TOOLS SPRING COCKING

MAST CABLING HARDWARE

COVER SHROUD PROTECTIVE

CABLE ASSY

RF DATA LINK

SPRING LOCKING DEVICE

COVER PROTECTIVE

WRENCH SPECIAL RELEASE

BLANKET RETRACT SYSTEM

V ; LMSC

(1| 1631LMSC RA B3

03 63 ILMSC

1KA"I
LMSC
LNSC I

LNSC I
_LMSC

LMSC
LNSC

LMSC
LMSC

N[XT

AIS(MSLY

I

i
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ORAWlN_ OASHIC

O, [548325+
Ot 15686651 _1

J! 1S68684
[541181B

jOj [5690T,[$4q081
J 1586669

C L587606
C 11.587607

J 15876D8
J |S8TTS2

J 1567753

C 1587755
C 15877S6

C 1587757
C ISBTTS9

C 1507795

C [580000
C 15580S0
B |SBBOS|

-C 1588136
C| 1588137

Ci 1508138
J 1589513 B

J 1591699
J 1591502

J 159|503
C 160022T D
C 16DD319 0

C ]1.600383 E
C 1600639 L

C t6t3OTl H

A 161381[
E 1613849 A

C 16139T1 J
A 1616636

A L616435
C [614779

C 161536¥ E
C 16[8TIT • C

_C 16187221 A

C 1618723 B

D 1618763 8
C 1620005 A
D 1620568

b nEL_ASE'R(SP Owo v(_ool usto
I o,v ST*T _,+E . COOE O_

TEMPERATURE SENSOR 5 D6 64_LMSC
SPRING COCKING DEVICE _ i051641LMSC!

ACTUATOR ASSY

SLING SAFETY PAYLOAD
i !0_ 164 LNSCi ,v. 164 LmSC I

l i i°; LNsc 166 LMSC

CABLE ASSY RF HELIX

NITROGEN PRESSURE SYS
YOKE ASSY HANDLING
SCREN SPRING COMPRESSOR

SCREM ASSY SPG CONPRESSR
PANEL ASSY CONTROL
RING ASSY HAND YOKE

BEAR ASSY EXTENDER
BRACKET ASSY

LING SLING HAND YOKE
BRACKET ADAPTER

SHIN-RING
RING HANDLING YOKE

BRACKET CENTER ADAPT

,il,.0L.,c10 160 LNSC

I tOI60 LMSC
I , 160 LNSC

t Ig+°LNSC160 LNSC

I  I+DLNSC
____ iBD LNSC

160 LMSC tLMSC
i60

MSC
_BD LNSCI

NEXT

ASSLM_Ly

PIN SCINO i|[ 6D LNSC,STOPSLINGPIN .16o LHSCl I
SHIM ADAPTER BRACKET

SHIM-CENTER
PLATE-STORAGE

SLING ASSY SPOOL PAYLOAD
SPRING EQUIP NASA

SPRING COCK ASY NASA
SPRING LOCK ASY NASA
SNITCH SENSITIVE

SNITCH ENVIRONMENT
RELAY BALANCED ARMATURE

RELAY ARMATURE DPDT
XOUCR VlB PICKUP PIEZO
POTENTIOMETER SINGLE

CONNECTOR RECEPT
RELAY ARMATURE DPDT

SPRING COMPRESSION

Lli60 LMSC
11,60 LNSC

LNSCr62 LNSC

03 61LNSC03 bi LNSC

03 61LNSCOl 62 LNSC

02 62 LHSC12 61LMSC
04 66 LNSC
09 6_ LMSC

05 60 LMSC
O[ 6D LMSC

09 63 LMSCI

DT 60 LNSC /

07 6D LMSC
V LNSC RA8

0T_64 LNSC RA12!63 LNSC RA

[llb_3-LMSC

L[ 63 LMSC

12166 LNSC
L2162 LMSC
OZ 164 LM$C

I

I

I
I

I

I
I

I
I

I
I

I
I

I

I
I

F

t
L

t
I

I
L

I

I
I

I
I

I

I

I '/

SPRING COMPRESSION

AMPLIFIER VIB XDUCER
ACCELERONETER LINEAR

TRANSDUCER PRESSURE

CONNECTOR PLUG 503L
CONNECTOR RECEP 503L

AMPLIFIER CHARGE

OUNMY LOAD ELECTRICAL
FILTER HIGH PASS

j

RA8 B3_

B3

83
B3

I t---
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ED-333 Appendix D

APPENDIX D

SPACECRAFT/VEHICLE INTERFACE TEST HARDWARE

The following list comprises interface test hardware which was furnished to JPL during

the Ranger Program. All of the hardware was placed in storage prior to July 1965.

Item

Agena Forward Equipment Rack

Agena Forward Equipment Rack

Hoist Fixture

Adapter

Shroud

Adapter

Sh:o ud

Adapter

Adapter

Box Misc. Small Parts (30x30xZ4)

Umbilical Plug

Umbilical Plug

Umbilical Plug

Umbilical Plug Cocking Tool

Umbilical Plug Cocking Tool

Cable - Match Mate

Cable - Umbilical (Z ea.) (RA-8 & 9 only)

Cable - Umbilical (Z ea. ) (RA-8 & 9 only)

Cable - Umbilical (2 ea.) (RA-8 & 9 only)

Cable - Umbilical(2 ea. ) (RA-8 & 9 only)

Identification No.

None

EM989

LMSC- 1586649

EM988

EM988

EM71Z

EM71Z

EM989

EM550A

I06Z493

I06Z493

1063493

Z00x-68-730

Z00x-68-730

I 19347A

B334965Z

B3349653-I

B3349653-Z

B3349653-3
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Appendix E

APPENDIX E

LAUNCH-VEHICLE INTEGRATION FILM LIST

1.

2,

3.

4.

5,

Ranger 6 Test No. 250 Item 1.2-13V

Subject: Umbilical Plug Pull-off taken with i" lens, camera located at top of

umbilical tower of Complex 12 ETR - 400 frames/sec.

An indistinct dark line under the umbilical receptacle door indicates that

the door may have been "not latched" as it passed out of view of the

camera.

Tests at JPL of pulling the umbilical plug and door closure:

a) Original film - 12" reel

b) Copy of original film - abridged (400 ft. )

c) Copy of original film - abridged and partially edited (300 ft)

Test at ETR on RA-7 Flight Adapter, taken 6-18-64 128 frames/sec.

Indicates umbilical door on RA-7 closes satisfactorily

Ranger 7

a) Test 0448 Item 1.2-13S-4 Dated 7-28-64 Subject: Umbilical

Plug Pull-off (printed without timing) taken with i" lens camera

located at top of umbilical tower of Complex 12 ETR 400 frames/sec.

b) Test 0448 Item 1.2-27u dated - 7-28-64 Subject: Spacecraft

Umbilical Plug Pull-off (printed without timing) taken with 4"

lens camera located on next to top deck of the umbilical tower

of Complex 12. 400 frames/sec.

Ranger 8

a) Test 0235, Item 1.2-10s Dated 2-17-65 Subject: Umbilical Plug

Pull-off (printed without timing) taken with I" lens camera located

at the top of the umbilical tower of Complex 12 ETR 400 frames/sec.

b) Test 0235, Item 1.2-15u Dated 2-17-65 Subject: Spacecraft

Umbilical Plug Pull-off (printed without timing) taken with 4" lens

camera located on next to the top deck of umbilical tower Complex

12 ETR 400 frames/sec.

c) Test 0235, Item 1.2-14s, dated 2-17-65 Subject: Boom Retraction

(printed without timing)
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Ranger 9 Test 0300, Item 1.2-15u, dated 3-21-65

Subject: Spacecraft umbilical plug pull-off (printed without timing) taken with 4" lens

camera located on next to the top deck of umbilical tower Complex 12, ETR.

400 frames/sec.
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APPENDIX F

LAUNCH-VEHICLE INTEGRATION

INCOMING DOCUMENTS LIST

As of January 1963, all communications coming into the Launch Vehicle Intesration

Section were entered in the incoming log book. In January 1964, this log was extended to

include all documents and drawings as well as communications coming into the Section.

Appendix F is the Ranger portion of this log.
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APPENDIX G

LAUNCH-VEHICLE INTEGRATION

OUTGOING DOCUMENTS LIST

Appendix G contains the Ranger portion of the Section log, beginning in January 1963,

for outgoing documents including letters, TWXs, and IOMs.
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APPENDIX H

RANGER CLASSIFIED DOCUMENTS

All of the classified documents for the Launch Vehicle Integration Section are kept

separately at one of the JPL Classified Document Control Points. The custodian's list

of this classified material for the Ranger Program constitutes Appendix H.
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ED-333 Appendix I

APPENDIX I

RANGER UNCLASSIFIED DOCUMENTS

Appendix I is a list of unclassified documents used at JPL relating to launch vehicle

integration in the Ranger Program. The location of each document is indicated to facilitate

ease of access. These locations are specifically:

"Microfilmed" indicates that the document has been microfilmed and is available

from the vellum file in Section 614.

"Reorder No." indicates that a copy of the document may be obtained by Reorder

number from Section 614.

"In File" indicates that the document is available in Section 291 files.

ZI7



Appendix I ED-333

RANGER - GENERAL LIST (LMSC)

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

218

PB-6b Microfilmed

Cleaning of Rocket Engines and

Prope 11ant Systems

Dated 28 February 1961

PB- 14C Microfilmed

Contamination Control of Hydraulic System

and Components, SS Vehicle and Check-out

Equipment.

Dated Z8 February 1961

PB -Z 9A Mic r ofilme d

Limited-Calendar-Life Materials and Parts,

Control of.

Dated 27 June 1962

PB -48 Microfilmed

Oxide Finish Blackening of Stainless
Steel, Process for.

Dated 5 May 1961

LAC-0401A In File

Installation of Electrical and Electronic

Wiring (Specification)

Dated I0 February 1961

LAC-0409 In File

Reorder No. 60-544

Connectors, Wiring and Safetying of

(Specification).

Dated 1 December 1958

LAC-0410 In File

Coaxial Cables and Connectors, Assembly

of (Specification).

Dated 15 November 1958

LAC-0410A In File

Termination of Shielded Cables,

Amendment # 1.

Dated I0 December 1960

LAC-0419 In File
Reorder No. 60-543

Embedding and Coating of Electrical Components

Dated I0 July 1960
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LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LAC- 0430 In File

Reorder No. 60-543

Harness and Cable Assemblies.

Dated 1 August 1959

LAC-0431A In File

Identification of Wiring and Connecting
Devices.

Dated I0 October 1960

LAC- 0438 In File

Electrical and Electrical Test Methods

Dated 15 August 1958

LAC-0583 In File

Safetying Practices.

Dated 15 July 1959

LAC- 1425 Library

Soldering (General) (Specification).

Dated 15 November 1958

LAC- 1481 Library

Controlled Environment Area (Specification).

Dated i0 August 1960

15227

Forward Section and Nose Cone

Static Tests.

Dated 25 June 1961

15240

Data Systems Accuracy Report.

Dated ii July 1961

LR-15291

Nose Cone Elevated Temperature Test
I0205.

Dated 12 July 1961

15689

Microfilmed

Reorder No. 61-231

Microfilmed

Library

Spacecraft Separation Test.

Dated 9 May 1962

219
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LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

A-049641

Weight and Performance Status

NASA Missions.

Dated 1 June 1962

A-049934

Structural Design Criteria Qualification

and Acceptance Test Requirements for

Major Spacecraft Assemblies Format.

Dated 31 May 1962

A-049935

General Structural Design Criteria and

Requirements for Spacecraft Systems Format.

Dated i June 1962

AD-52704

Weight and Performance Status -
NASA Missions.

Dated 1 July 1962

AD-59052

Weight and Performance Status -
NASA Missions.

Dated I September 1962

Reorder No. 62-172

Reorder No. 62-544

Reorder No. 63-68

Reorder No. 62-219

Reorder No. 62-291

C-60102A In File

Spacecraft ]Ejection System, Alignment

Check and Recording Procedure 10205 {Specification}.

Dated 8 November 1962

A060673C In File
Reorder No. 64-268

Flight Termination Separation RA-6006 -

6009 and EOGO and Mariner C.

Dated 19 June 1964

A073505 Reorder No. 62-555

Structural Criteria for Winds Aloft.

Dated 14 February 1962

A-076037 Reorder No. 62-171

NASA/Agena B Follow-on Program Letter,

Contract Designated Supplemental Agreement

Dated 15 March 1962
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LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

A-08621 Reorder No. 61-516

Structural Design Criteria Qualification

and Acceptance Test Requirements for

Major Spacecraft Assemblies.

Dated 24 November 1961

93298-62-93 Reorder No. 62-I0

NASA/A_ena B Program Ranger and

Mariner R Missions Guidance Type Launch

Window Requirements

Dated 1962

ETR- 133098 In File

Ranger Block III Master J-FACT
Countdown.

Dated 15 January 1965

2 71204 Mic r ofilmed

NASA/Agena-B Ranger Program

Dated (No date)

271914 In File

Pad Safety Report for S-01 Vehicle Model

I0205 and Ranger (Block IIl) S/C Complex
12, AFMTC.

Dated 17 December 1963

A306200 In File

Weight and Performance Status -
NASA Missions.

Dated 1 October 1962

306612A Reorder No. 64-466

C&C Subsystem ]Engineering Analysis Report,

Agena Vehicles 6006 through 6009 (Ranger
Program).

Dated 1 September 1964

A306644 Reorder No. 62-3?9

Weight and Performance Status -
NASA Missions.

Dated I November 1962

A-340161 Microfilmed

Weight and Performance Status -
NASA Missions.

Dated I December 1962
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LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

A-340634 In File

Reorder No. 63-3

Weight and Performance Status -

NASA Missions.

Dated I January 1963

367949/62-44 Microfilmed

Electrical Interface Requirements NASA

Project Model 10205-6001

Dated 2 December 1960

370804-2 Microfilmed

Ranger Lockheed/General Dynamics/JPL
Countdown

Dated 22 July 1961

372165 In File

Reorder No. 63-21

Weight and Performance Status -
NASA Missions.

Dated i January 1963

372315 In File

Reorder No. 63-30

NASA-Agena Shroud and Spacecraft

Adapter Configurations.

Dated 2 October 1963

374041 In File

Reorder No. 63-66

Weight and Performance Status -
NASA Missions.

Dated 1 March 1963

374064 In File

Reorder No. 63-61

Preliminary Weight and Performance
Status.

Dated 18 March 1963

A-374183 In File

Reorder No. 63-85

Weight and Performance Status -
NASA Missions.

Dated i April 1963

222



ED-333 Appendix I

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

A-374487 In File
Reorder No. 63-143

WeightandPerformance, NASA
Missions.

Datedl May 1963

A-376143 In File
Reorder No. 63-201

WeightandPerformance Status- NASA
Missions.

Dated14June1963

A-376330 In File
Reorder No. 63-249

Weightand PerformanceStatus- NASA
Missions.

Datedl July 1963

A-376330-1 In File
Reorder No. 63-267

WeightandPerformanceStatus- NASA
Missions.

Dated i August1963

A-376330-Z In File

Reorder No. 63-317

Weight and Performance Status - NASA
Misslons.

Dated l September 1963

A-376330-3 In File

Reorder No. 63-345

Weight and Performance Status - NASA
Missions.

Dated 1 October 1963

A-376330-4 In File

Reorder No. 63-414

Weight and Performance Status - NASA
Missions.

Datedl November 1963

A-376330-5 In File

Reorder No. 63-498

Weight and Performance Status - NASA
Missions.

Dated 1 December 1963
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LMSC

LMSC

LMSC

LMSC

LMSG

LMSC

LMSC

LMSC

LMSC

224

A-376330-6 In File
Reorder No. 64-8

WeightandPerformance Status- NASA
Missions.

Dated 1January 1964

A-376330-7 In File
Reorder No. 64-34

WeightandPerformance Status-
NASAMissions.

Dated I February 1964

A-376330-8 In File
Reorder No. 64-92

WeightandPerformance Status - NASA
Missions.

Dated I March 1964

A-376835 In File
Reorder No. 63-565

Basic Reliability Program Plan for
LeRC AgenaPrograms

Dated IZ August 1964

A-377154 In File
Reorder No. 63-738

SpacecraftCoolingTechniques
Dated 15October 1963

A-377602 In File
Reorder No. 63-675

Block ILl RangerAgenaB Final Design
Review.

Dated 17October 1963

SP38XX-64-l In File
Reorder No. 64-130

WeightandPerformance Status - NASA
Missions.

Dated! April 1964

SP38XX-64-I- l In File
Reorder No. 64-182

Weightand Performance Status- NASA
Missions.

Dated i May 1964

SP38XX-64-1-2 In File
Reorder No. 64-235

WeightandPerformance Status- NASAMissions.
Dated l June 1964
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LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

SP38XX-64- i-3

Weight and Performance Status Report
NASA Missions.

Dated 1 July 1964

SP38XX-64- I-4

Weight and Performance Status Report
NASA Missions.

Dated l August 1964

SP3800-64-3

In File

Reorder No. 64-285

In File

Reorder No. 64-327

In File

Reorder No. 64-20Z

Horizon Sensor - Cloud Cover Criteria

for NASA Agena Launches

Dated 6 May 1964

A-384258 In File

Summary Report, Structural Dynamics and

Load Data Ranger 6001 through 6005.

Dated Z8 December 1963

A-393631 In File

Reorder No. 63-800

]Equations of Motion in Six Degrees of
Freedom of a Two-body System Separated

by Springs.

Dated I November 1963

445967 Reorder No. 61-178

Nose Cone Pin-puller Pull Capability
LMSD No. 1301 682-501 or 503.

Dated (No date)

446430 Reorder No. 61-127

NASA/Agena B Reliability Program
Document

Dated 27 April 1961

446554 Library

NASA/Agena B Launch Complex Performance

Specification (AMR)

446550 Library

Advanced Development Program
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LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

446556

Ground Handling and Service Equipment

Test Phase Performance Specification

for NASA Program, AMR

Dated 17 March 1961

447820

Specifications for NASA/Agena Flight

Termination System

Dated II January 1961

447969-B

Electro Magnetic Interference Control

Requirements and Electrical Interface

for Agena

Dated l August 1962

448 139 -B

Subsystem C for LeRC Agena Programs

Engineering Analysis Report

Dated Ii November 1963

448321

Ranger/Agena B Compatibility Test

Dated 9 June 1961

448567

Personnel Subsystem Progress Report

NASA/Agena B Program

A602037-A

MSVP Bibliography - Satellites and

Probes Programs

Dated 30 June 1964

A602502-B

Launch and Hold Limitations for Agena B
Vehicles

Dated 10 March 1964

A604167

First Quarterly Reliability Program

Status Report

Dated I I June 1964

Reorder No. 61-206

Library

In File

Library

Library

Microfilmed

In File
Reorder No. 64-568

In File

In File

Reorder No. 64-259
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LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

A604116-5 In File

Reorder No. 65-48

Weight and Performance Status Report
NASA Missions

Dated 1 February 1965

A605116-6 In File

Reorder No. 65-154

Weight and Performance Status Report

NASA Agena Satellite and Probe Missions

Dated i March 1965

A605205-3 In File

Reorder No. 64-673

Satellites and Probes Program Progress

Report

Dated 20 December 1964

A605205-6 In File

Reorder No. 65-157

Satellites and Probes Program Progress

Report

Dated February 1965

A605205-4 In File

Reorder No. 65-14

Satellites and Probes Program Progress

Report

Dated 20 January 1964

A605205-5 In File

Reorder No. 65-59

Satellites and Probes Program Progress

Report

Dated January 1965

A610655 Library

Structural Qualification Test of the Ranger

Block IIl Spacecraft Support, LMSC Part

Number 1360224, and Interface Assemblies

RA-5806

650410 In File

Reorder No. 59-661

Insertion Voltage Techniques in

Calibrating Dynamic Data

Dated 28 August 1959
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LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

228

A651443 In File

Reorder No. 64-580

Second Quarterly Product Assurance

Status Report

Dated 9 November 1964

A653529 In File

Reorder No. 64-703

Ranger Agena Vehicle Instrumentation
Handbook

Dated 11 December 1964

A729524 In File
Reorder No. 65-169

Torsional Analysis of the EOGO Vehicle

Dated 20 January 1965

A7Z9973 In _-ile
Reorder No. 65-27

Reliability Estimate and Analysis Report

Dated 25 January 1965

919735 Reorder No. 61-306

Launch Control System Electric Drawings

FTV 6001-FLT, August 22, 1961

Dated 22 August 1961

921662-B Reorder No. 62-200

NASA AMR Aerospace Ground Equipment

Engineering Analysis Report, Revision
B - Vol. III - Launch Control Systems

Dated 30 March 1962

92Z05Z-B Reorder No. 62-169

Volume I - Revision B Ground Handling

and Service Equipment Report

Dated 20 April 1962

922056-B Reorder No. 62-302

NASA Aerospace Ground Equipment

Engineering Analysis Report. Vol. II

Revision D - Checkout Equipment

Dated 30 May 1962

I067061-G In File

Squib,Pressure, Pyro, Electrically

Initiated (Specification)

Dated 16 August 1961
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LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

1067280

Connector, Electrical, Umbilical

Dated 3 October 1960

1068634

In File

In File

Reorder No. 60-548

Design Control, Cable, Multiconductor,
Class B

Dated 18 August 1960

i068844 In File

C-Band Beacon Antenna

Dated 12 May 1960

i068956-A In File
Reorder No. 60-467

Design Specification for Spring Mechanism

NASA Spacecraft

Dated 5 August 1960

i069017-E In File

C-Band Radar Transponder

Dated 24 June 1960

1069144-A In File

Design Specification for Spring Mechanism,

Nose Cone Separation

Dated 7 February 1961

1069150 In File

Reorder No. 60-538

RF Data Link System NASA

Dated 20 September 1960

1072028 In File

Acceptance Test, Propellant Pressurization

System

Dated 4 June 1958

I072210 In File

Acceptance Test, Pin-puller Squib
Actuated

16 January 1959

I072318 In File

Statham Accelerometers - Strain Gage Type

Dated 4 May 1959
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LMSC1072390

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

In File

Pin-puller SquibActuated
Dated20 May 1959

1072407 In File

SequenceTimer SubsystemD
Dated4 October 1960

1072452 In File

SS/GDataLink, Final SystemCheckout
V_hicle Airborne Equipment, 32Channel

Dated25June 1959

1072472 In File

Propellant TankAcceptanceTest
Dated 13June 1960

1320031-A

Vehicle Test Plan

1342057 In File

Vehicle Test Plan 10205-6006through6009
Dated21May 1962

1342542 In File

Vehicle Functional Schematics

Dated 17 December 1963

1410032 In File

Amplifier Assembly, Pneumatic Channel,

Flight Control

Dated 3 November 1960

1410039 In File

Omni-Directional Antenna Coupler

Dated 17 April 1961

1410040 In File

Parabolic Antenna Coupler, 10205-6001 and Up

Dated 21 December 1960

1410048 In File

Leak Test Model 10205 Spacecraft

Section

Dated 23 September 1960

Microfilmed
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LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

1410071 In File

DesignSpecification, CableAssembly,
Electrical CoaxQuick Disconnect

Dated25 November1960

1410082

Parasitic Antenna,

1410123-B

In File

10205
Dated4 November1960

In File

C-BandBeaconAntennaSystem
Dated28December1960

1410124 In File

VHF Telemetering AntennaSystem,
10205-6001andUp

Dated28 December 1960

1410125 In File

Low Power L-Band Antenna System

Dated 21 November 1960

1410126 In File

High Power L-Band Antenna System

10205-6001 and Up

Dated 28 December 1960

1410296-B In File

Design Specification for Installation of

S/C to Support Structure

Dated 4 January 1961

1410624 In File

Alignment Spring Mechanical Nose Cone

Separation Model 10205

Dated 23 February 1961

1410651 In File

Equipment Installation and Dimensional Checkout,

Antenna Coupler and Thermal Shield

Dated 13 February 1961

1412336 In File

Equipment Installation and Dimensional Checkout,

Antenna Coupler and Thermal Shield

Dated 13 February 1961
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LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

1412645 In File

Design Specification for Installation of

S/C to Support Structure

Dated 6 October 1961

1412706-A In File

Telemeter, FM/FM, Type III

Dated 27 December 1961

1412799-B In File

Specification, Telemeter FM/FM

Dated 14 August 1962

1414356-A In File

C & C Subsystem, 6006-6009

Dated 21 September 1962

1415296-A In File

Prematchmate Preparation of Nose Cone

and S/C Support

Dated 14 November 1962

1415559-C in File

Matchmate of Ranger S/C and Nose Cone to

JPL Structure RA-VIII and IX

Dated 5 November 1963
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RANGER - GENERAL LIST (GD/C)

GDC

GDC

GDC

GDC

GDC

GDC

GDC

GDC

7B-1834-I

Functional Testing of Separation

Cartridges

Dated (No Date)

55E-I005

Load vs Deflection Tests on Small

Hemisphere, Special Bulkhead, Model 27

Dated (No Date)

55-06101

Inverter, Static, Missileborne,

Specification for

Dated (No Date)

55-02102

Battery, Main Power, Missileborne

Equipment

Dated (No Date)

AE60-0493

General Trajectory Program for Earth

Referenced Space Flights

Dated 23 May 1960

AE61-0032

Precision Flight Control System

Dated 20 January 1961

AE61-1143

Instrumentation Configuration Special
Intermediate Bulkhead Heat Transfer

Test on C-3

Dated (No Date)

AE62-0501

Atlas Series "D" Backup Guidance

Dated 24 August 1962

Library
Reorder No. 61-224

Library
Reorder No. 61-228

Reorder No. 59-554

Reorder No. 60-519

Library
Reorder No. 62-231

Library
Reorder No. 61-394

Library
Reorder No. 62-28

Library
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GDC

GDC

GDC

GDC

GDC

GDC

GDC

AOC63-0406 Library

Bibliography of Research and Development

Dated 15 March 1963

(No Number) Microfilmed

Reorder No. 60-422

Effects of Launching Time on Space

Navigation Problems

Dated 1960

950-0-41 Library

Assessment of Marshall Space Flight Center's

Ad Hoc C Committee Recommendation

(Preliminary)

Dated 22 August 1962

(No Number) Library

Atlas Space Booster Familiarization Course

Dated i August 1962

AZM- 066 Microfilmed
Reorder No. 59-558

Analysis of Crosstalk and Methods for

Reducing Crosstalk in Parallel Lines

Dated Z0 April 1959

7-00Z09B Microfilmed

Reorder No. 60-517

Environmental Design Conditions and
Environmental Test Procedures for

107A-I

Dated i March 1958

(No Number)

Atlas Space Launch Vehicle Orientation

(Atlas School)

Dated 19 August 1963

In File
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RANGER I

LMSC

LMSC

1319297-B In File

Vehicle Test Plan, 10205-6001

Dated 18 January 1961

1313757 In File

Microfilmed

Telemeter System Instrumentation
Series 10205-6001

Dated 28 July 1961

RANGERII

LMSC

LMSC

132997 Mic rofilmed

Ranger/Lockheed/General Dynamics/JPL

Countdown Agena B 600Z/Atlas ll7D

Ranger RA-II

Dated (No Date)

1320030-A Microfilmed

Vehicle Test Plan, 10205-6002

Dated (No Date)

RANGERIII

LMSC SSN-T62-5 Library

LMSC

Launch Pad Damage Re port for Atlas

121D/Agena-B 10205-6003 Ranger

Spacecraft RA-III Complex, AMR

Dated I February 1962

1313759

Telemeter System Instrumentation
Schedule Model 10205 S/N 6003

In File

Microfilmed

Dated (No Date)

RANGER IV

LMSC SSQ-592- T62- I Library

Launch Pad Damage Report for Atlas

133D/Agena-B i0205-6004 Ranger

Spacecraft RA-IV, Complex IZ, AMR

Dated 27 April 1962
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LMSC

LMSC

LMSC

LMSC

291549 Reorder No. 62-64

Atlas/Agena Working Group Flight

Test Directive Ranger IV

Dated (No Date)

271553 Microfilmed

Ranger/Lockheed/General Dynamics

J-FACT Vol. I of II Agena - B6004

Atlas/133D/Ranger RA-IV

/JPL

Dated (No Date)

1313761 Microfilmed

Telemeter System Instrumentation
Schedule Model 10205-6004

Dated (No Date)

1320032 Microfilmed

Vehicle Test Plan, 10205-6004

Dated (No Date)

LMS C

LMSC

RANGER V

1313760 Microfilmed

Telemeter System Instrumentation
Schedule Model 10205-6005

Dated (No Date)

1320033 Microfilmed

Vehicle Test Plan, 10205-6005

Dated (No Date)

LMSC

LMSC

RANGER VI

1342585 In File

RA-VI Telemeter Systems Instrumentation
Schedule 10205-6008

Dated Z8 April 1962

C60106 In File

RA-VI Alignment Spring Mechanism Nose

Cone Separation, 10205

Dated 14 November 1962
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LMSC

LMSC

LMSC

LMSC

C60105A In File

RA-VI Mating Procedure NoseCone
Adapter, Specification

Dated17January 1963

1360726 In File

Vehicle Test Plan, 10205-6008
Dated19June 1963

C60104 In File

RA-VI Mating ProcedureSpacecraftto
Adapter, Specification

1342657-E

RA-VI Sequenceof Events

Dated30October 1963

In File

DatediI November1963

RANGER VII

LMSC

LMSC

LMSC

LMSC

LMSC

1342566-A In File

RA-VII Telemeter System Instrumentation
Schedule 10205-6009

Dated 28 April 1962

AD60673B

Flight Termination System, RA 6009
and LOGO

In File

Reorder No. 63-433

Dated l November 1963

1342658-E

RA-VII Sequence of Events

In File

Reorder No. 64-313

Dated 22 June 1964

ETR 133099A

Ranger VII Ranger Block III Master
Launch Countdown

In File

Reorder No. 64-293

Dated l July 1964

A658527 Library

Final NASA Vehicle 6009 - Calibration

Report

Dated (No Date)
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LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

238

RANGER Vlll

1342583-B In File

'RA-VIII Telemeter System Instrumentation

Schedule i0205-6006

Dated 13 February 1962

1415559-C In File

Matchmate of Ranger S/C & Nose Cone to
JPL Structure RA-VIII & RA-IX

Dated 5 November 1963

1342655-F

RA-VIII Sequence of Events

C60601 -B

In File

Redorder No. 65-7

Dated 19 February 1964

In File

Telemetry System Validation Test

RA-VIII & RA-IX

Dated 17 March 1964

C60602 -C In File

Vehicle Instrument Checkout & Calibration

RA-VIII & RA-IX

Dated 16 April 1964

A605574 In File

Reorder No. 64-706

Match Mate of Vehicle 6006 Nose Cone

and Adapter to RA-VIII

Dated 29 September 1964

C60601 -B In File

Telemetry System Validation Test -
RA-VIII & RA-IX

Dated 9 December 1964

C60609 In File

Acceleration Vibration System Calibration -

RA-VIII & RA-IX

Dated 29 December 1964

A729964 In F ile

Reorder No. 65-16

Ranger 6006 Re-matchmate Test Summary

Dated 11 January 1965
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LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

LMSC

ETR 133099-B In File

Reorder No. 65-19

IRA-VIII Ranger Block III Master
Countdown

Dated 15 January 1965

J-01-65-i In File

End-to-end Calibration, Ranger VIII

Dated iI February 1965

134Z584 In File

RA-IX Telemeter Systems Instrumentation
Schedule IOZ05-6007

Dated Z8 April 1962

1415559-C In File

Matchmate of Ranger S/C & Nose Cone to
JPL Structure RA-VIII & RA-IX

Dated 5 November 1963

C60601-B In File

Telemetry System Validation Test

Dated 17 March 1964

C6060Z-C In File

Vehicle Instrument Checkout &

Calibration

Dated 16 April 1964

C60601-B In File

Telemetry System Validation Test -
IRA-VIII & IRA-IX

Dated 9 December 1964

1371019 In File

IRA-IX Sequence of Events 10205-600?

Dated 17 December 1964

C60609 In File

Acceleration Vibration System Calibration
IRA-VIII & IRA-IX

Dated 29 December 1964
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APPENDIX J

POST-FLIGHT ANALYSES DOCUMENTATION

Appendix J tabulates the postflight documentation made on the Ranger Block III

vehicles. Since most of these reports are classified, they also appear in Appendix H.
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APPENDIX K

The following list of Ranger/launch vehicle integration action items indicates their

final status as of May Z1, 1965. The status of action items was published periodically

throughout the program to obtain close coordination of effort.
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DATE INITIATED
NO, iNiTIATE D BY

1 6/I/6_ Lewis

2 6/1/63 Lewis

3 7/29/63 _L

J, 7/3116] JPL

8/I/O _L

6 8/6/63 JPL

7 8/9/63 JPL

Determine pa_,load capability increment

and reference trajectory using optimum

Atlas pitch programming.

TWX, Hi,_el to AFSSD. 10/8/63. Ref.

9430-10-2 HSJ. To be inco_-oorated

on RA 8 & _ Mar C,

ACTION DATE

BY REQUIRED

G_A Cloe

DATE
aCCOMPUlSHE

_d out

11/I/_

Determine payload capability increment

and reference trajectory using Atlas

Booster steerin_

i) GDA letter. Campbell to AFSSD,

9/18/63, Booster steering constrai,

2) LMSC letter= Luskin to H_mm_1

10/3/63. Still under study for us,

on RA-6.

3) TWX Schurmeier to Himmel 1/7/64

recommendin_use of Booster steer-

ing on RA Hlk III.

4) _4X LeRC to LMSC 9440-16-EHD-

inco_o_ Booster Steering on
_-6

GDA ASAP Closed

Lts

Provide an official LMSC Dwg. List and

Drawings for Ranger Block Ill Inter-

face. Letter Schurmeier to Forney

7/29/63.

Transmit Agena Vehicle Drawings for

Ranger Block III (32 dwgs. total) to

JPL Ltr. Schurmeier to Forney 8/?0/63

i) Partially complete as JPL has re-

ceived some dwgs. List dated

_l July, 63.
2) Letter, Schurmeir to Forney, 9/20/i3

request for Age_ Veh. 6008 draw-

ings.

_) Handoarried dwgs, from LMSC on

11/6/63.

_) Ltr, Forney to Luskin 12/10163

5) Close when list is rec'd by JPL

_ox,_ itr LeRC

-- JPL, 9_IO-GMB

6) Ltr. Forney to LMSC h/7/64,

LMSC provide JPL with RA-7 Interfa e

Dw_. List & reproducible dwgs.
7) Received 4h reproducible drawings

5/19/6h. Transmittal letter and

Lewis/ 11/1/63 Closed

LMSC

5/20/64

draw_n_ li.t renei%n_d KIPO/Ah.

ADDrove JPL "Transoortation Criteria"

Document. Letter, Schurmeier to

Forney, 7/31/6_

_X Himmel to Schurmeier iIi_63 .....

Lewis concurs.

Lewis/_ Closed out

11/I_/6_

Issue Revision C to JPL Specification

30947, Ranger Block III Interface

Specification,

In Reproduction. 10/22/63

_'C" Revision dated 9/15/63 issued &

transmitted to Lewis 11/7/63.

JPL 9/I_/63 11/7/63

Clo_ed out

Send 22 LMSC Drawings for Ranger

Block IIl to JPL, T_X to Fbrney,

816163.

Letter, Forney to Luskin,

9/21/o3.
LMSC Clo= ed out

u/_/63

sed out

ni15163

8 9/3/_3 .m_.

Transmit three (3) LMSC Technical

Documents to OFL, Le_%er, _c_urmeler

to Forney, 8_9/63.

Coordinate official i_%_rface drawing

Letter Schurmeier to Himmel 9/3/63

Nots, JPL Dws. _1801_I replaces

3180125

TWX, Schurmeier to Himmel MC-IO40/

HMS/JTO, 11/12_63

Received reports at JPL iI/I_/63

EMSC CI,

i) JPL received LMSC's Dw_. 1361287

(not released)
2) LMSC comments to JPL Dw_. R18Ol2g

sent to Lewis ll/ll/63,-letter

Luskin to

3) Letter Forney to Schurmeier 12/9/6
Item 3 answered by letter

Schurmeier to Forney dated 12/30/61

_) Meeting at LMSC l#14/64Dlaced 6

sub-action items on LMSC & 4 on JPi

e_sl 9/9/63

TJ45C

Cloaed
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DATE
NO" INITIATE D

9 9/7/6_

INITIATED
BY

ACTION

('Pnp ,TPT. _nh-_ei'.tnn 4"1-._,m=¢h_vp he_=n c1

completed by 3/30/64 per letter LeRC

.;pT. enmmpn'l'.m i'.n TTh'Wk'T,_,_ED ennv nf" T_4

transmitted 5/20/64, #LV-RA-90260

JPL/ P_mnve or m6di_v cover nS_te on noise

microphone in shroud prlor to ship-
LMSC ment to AMR.

STATUS

_eH_ The T)4,_C _11h-n_+_nn_ _hn'.ld hi=

JPL 9410-GMB, h/i/64)

;C ]'_g. ,_I qEn P87R

ACTION

BY

I) Letter. Sehllrme_er %_ _4mm_l T,_wl./

2_ E,TT _1_55X _4£%_n hv T,MgC ?_. Wa-A I_SC

7, 8, & 9 per Himmel itr. to

Schuenneier 12/_/63 (9410 GMB)

DATE DATE

REQUIRED ACCOMPLISHE

ARAP CI m._

12/5/63

I0

II

12

9/7/6_ JPL/ Install vertical skid ramps near Foot

LMSC A and E on Adapter prior to shipment

to AMR.

I) Letter, Schurmeier to Rimmel.

lO19163.
2) T,_X, Himmel to LMSC directed to

install ramps per ECP #3800-66

3) ADo'd 10/8/63 for RA-6:7. 8 & 9
per Itr. Himmel to Schurmeier

12/5/63.

Lewis/

LMSC

9/7/6_ JPL/ Correct LMSC Drawing I_4 253pB and

LMSC hardware before shipment to AMR. Shiel

return Pin A was not connected to Pin

IF on the umbilical receptacle.

Tncre_se the existin_ clearance of

0.020 inch between Solar Panels and

I) LEO 1342539B has been written. Re-

vised dwg. to follow per Itr. Himm

to Schurmeier, 12/5/63

2) Letter Forney to Luskin 12/10/63.

Lewis/

_i LMSC

ASAP Cln.ed

1215/63

Closed

12/5/63

12/5/63

Closed

1/_/6_

_/_/_ .TPL/

TMR_.

II) Letter. Schurmeier to Himmel Lewis/

10/_/63.
2_ TMSC is tn Jnst_1] "Clearance Cuns" LMS¢

at 4 points to clear Solar Panel

Hinaes per £CP #3800-69. I1/6/63

3) Closed per letter Himmei to Schurme:r

z2/_/63.

ASAP

13 9/7/63 _n/

.T.J_ C
Check the locations of Spacecraft

separation linear potentiometers.

I_ LMSC_s Dwz. 1361287 indicate. Pn£.

off center of S/C Plates.

2) "All problems resolved" per itr

Himmel to Schurmeier, 12/5/63 - no

change to be m_d_,

_t,/
LMSc

lh 9/7/6_
.T.,MSC

,_L/
LMSC

Revise LMSC S_ecification 14155_A. i) "B" change of this spec, was

available and used for RA-7 Match-

Mate Tests_ hut there are still

further changes to be made as de-

tailed in the RA-7 Match Mate Summar

Meeting Report No. 311-697, Item 4.

2) LMSC to revise spec. per itr

Himmel to Schurmeier, [2/5/63 and

Forney to Luskin 12/IC/63.

3) Closed per Itr, Himmel to Sehur-

meier I/3/64_ 9410-0MB

Lewis/

LMSC

ASAP
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DATE (NITIATED

NO" iNITiATE D nY

l_ 9/7/6_ JPL/

LMSC

ACTION OATE DATE

av REQUIRED ACCOMPLISHE

lawle/ A_AP _n_md

LMSC 1/3/_
Specify the clearance, in LMSC SDeC.

I_15559, between the TV Micro-switch

and _.he _m_.

See r_marks under Item 14.

16 917163

17 9/7/63

18 9/_/63

3 0 Q/7/6_

JPn/
LMSC

Install sorin_s to twist-off fittings SurinRs have been instld, per Itr.

for RA-6 prior to shipment to AMR. In- Himmel to Schurmeier 12/5/63.

§tall smrin_s prior to all future

Match Mate tests.

Lewis/

T.MSC

ASAP C1 osed

12/5/63

Closed

12/5/63
JPL/ Take proper action to reduce len6th

LMSC of cabling to spin-off fittings.

Cables are six inches too long and

Lction must be taken prior to ship-

ment to A_R.

LMSC has issued DCN 13h2_46 per itr, Lewis/

Himmel to Schurmeier 12/5/63.

ASAP

_L/
I/'4SC

Transmit LMSC Drawings showing micro-

phone installation in shroud

1361303 1360819

1361306 lh61h85

LMSC Clo:_ed out

11/1/63

,TPT./ T.^I,,A. a _hmt n_nt_etnr fnr bottom

o/-adapter for "RA-6 at AMR and forLMSC

RA-7 adaoter received with dust pro- LMSC

tector at JPL for Match Mate tests.

Only two (2) of these covers are in

existance. They will be kept at AMR

for use there. They have been tried _ .

on all adapters and dolly combinations

_ndwill not be required for RA-8 and

9 M-M Tests.

Clos d out

11/2o/0

9/7/6_ JPL/ Distribute Dictures of RA-6 Match

LMSC Mate tests

Distributed 9/I_/63 JPL
Close, out

,i11163

d out

n/1/63

21 917163

LMSC
Investigate clearance of pin-puller

monitor switch bracket and rotary

coax housing clamp bolt head.

No further action requiredp

z0/I_/63

Losses are acceptable.

LMSC/

JFL

CIo#

22 9/7/63
LMSC

Evaluate losses between omni

antenna and shroud coupler which are

two db greater than expected.

LMSC/
JFL

Close, out

23 9-io-63 Lewis Monitor O.E. Guidance Retrofit

pro_ra_
_) T_X, Lewis to J_n. _o/_/G_

2) %R4X, His_el to MaJ. Parrish

No. 9A21-10-3-PFM

C_oae
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DATE

NO" INITIATE D

2_ 9/1_16_

25 91Z316

INITIATED

BY

.I_L

JPL

ACTION

BY

_n_nl_te RA nlnrk TTT _+Ann
°

and Static Tests prior to iiii163

_4X Shurmeier to Forney 9/20/,63

TWX Shurmeler to Forney 9/24/6_
Luskln i0114/63.

T.liskfn tn Mtmmpl IC)/Pl/_R

_l teats co_Leted h/1_/6_ -

perform RA-7 Match Mate Tests

LMSC Hardware to arrive at JPL

by noon of i0/15/6_

Tests completed, Hardware shinned

back to I/vZC 10/21/63

See Report .TPT, Nn. _11-697

u,_scl,mz

DATE

REQUIRED

Closed

Closed

DATE

ACCOMP_ISHE

it 11/15/(

2t ll/15/_

i0-21-6_

ut

.t n1816_

,ut 11_161

.t z/3/_

,_t

,ut mill6=

,ut i0/II/(

26

27

28

g/1_/6 _

g/is/6

912o16_

JPL

JPL

JPL

Annrove use of 124_C RA-7

Adapter and Shroud by JPL through

10/21/6_ at JPL for Dummy R_n.

Transmit three copies of _enda D

Closed out. LMSC

Conies received LMSC Closed

Qualify Ran_er Block III Destruct

System Command Receiver

T_X, Himmel to LI_C, 9/20163.

Testing 10/15/63.

JPL needs documentation by ll/1/6q

_oforward to range.

qWX H_m-_l to Schurmeler 11/8/6_

9_10-11-SGMB. See Flt. Term Sys.
Rwrt. LMSC/AO6067q-B

IMSC Closed c

29 9/27/6: Lewis Task No. 9. NAS _-3805

Standard L/V Requirements and

Restr_nts Doctm_nt - Development

of Standard Document by I/_SC

Close per itr. 141..r,_lto Schn_m_ler Tawia/

1/3/6% _10 O_ U_
Cl_ed c

3O

31

32

33

34

9/27/6'

lO/_/6_

10/9/63

Lewis

Lewis

JPL

/

JPL

IPL

_sk No. 10. NAq q-q_

I/4SC to study and determine partial

derlvat4v_s _f navl_ ",,Hth resvw_et

to various error sources.

rl_Der itr. N_mmel to Schurmeier Lewis/

_lO_, l/3/6_ _sc

Investigate use of an additional

Agena Restart Timer.

i) Letter Ltmkln to Hi,el 11/21/63

2) Stop investigation per _WX Himme

to Ltmkin, 12/12163, 9_i0-12-22

Request for use of AEena Telemeterl]
Antenna

TWX_ Schurmeler to Himmel

GMB

3) DeBC ltr. 9_I0-GMB 1/_/6:_

TWO(, Hi,reel to LMSC, 10/8/63

Letter, Forney to Luskln 10/8/63

Antenna returned to LMSC I0/29/63

Change S/C Back-i_p Timer Bracket on

the Adapter. Ltr. Schurmeier to

m=_z lO/_/6_

i) W. Lane_ 3PL discussed with Lewls/
O. Bode 101716S u_sc

2) Holes to be enlarged and adjust

bracket in accord with change

mentioned under Item l_. Chg.

Order#36 dtd 10/23/63.

3) Closed per ltr Hi_m_l to Schurm ier

1a/5/63

Transmit JPL Decals to L/V a_encies Hand carried to Forne_/LMSC

Mailed to Von Der Wische/GDA

JPL

Closed

Closed

Closed

Closed

Closed

Lewis Ship Atlas 199D to AMB i) Revised per _WX _21-10-}0-PFM

from Lewis to WONASA/SSD dtd.

ll/1/6_.
2) Arrived at AM_ per itr Himmel to

Schurmeier 12/5/63

GDA

Closed ,ut lll_l/{
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NO.

36

37

DATE
INITIATED

INITIATEO

BY

LeWiS

aCTION

Ship Agena 6008 to AMR Arrived at A_ per ltr Himmel to

Schurmeler 12/5/63

ACTION
ev

PATE

REQUIRED

DATE

ACCOMPLISH_

_losed

11/22/63

Closed

11/22/63

Clcmed

lO/31/63

_/_/63

_Insed

n/1_/63

11/15/63

Closed

4-1-6_

JpL le0e NOV eS

Lewis Q_,a!!f'y Agena "Eye Ball" Sun

Detector for RA-6

i) Lockheed Electronics qualified in

Aug.63. Two successful flights.

2) Closed per itr. Hi_nel to Schurme .er

12/5/63

38 9/26/63 JPL Request for Lewis a_roval of

Ranger BI. III PDP per letter

Schurmeier to H_m-_l, 9/26/6_

Lewis' Approval Rec'd _0/_i/6_

39 ILO/8/63 Lewis I_C Report s,_ma_izinB results of

RA-6 Match Mate Tests. Ltr. Schurmeie

to HimmeZ 10/8/63

i) Hentloned in Y_SC Monthly Prc_rms T,e_'w'4.q/

Report LMSC

2) LMSC issued and 3PL rec'd copy

12/12/63
3) LeRC ltr 9410-GMB 1/3/69+

40

_2

n/ 1/63

n/4/63

10/24/6_

Lewis

JPL

JPL

_4X, Request for Detail Dw6s. on

S/C Back-Up Timer

TgX Request for V.H.F. A_tenna a

C Band Beacon Antenna, and Shroud

Cable Assembly

Data transmitted by letter tO

Hi_el from Schurmeler dated 11/14/63

TWX, H4m"_l to Schurmeier reuuests

JPL purchase subject items for

De_-n*nt retention ii/15/6q

JPLattemptln_ to get quotes from LMS(

T_w_s/

Letter, Request for Temporary use of

FFS-J% Hacar Transponder.

i) TgX, Himmel to I_C directin_ I_C Lewis/

to furnish to JPL for 3 wks and L_C

return by 12/15/63.

2) LeRC _X to _ 9421-11-4-RWM

11/1_/6_.

A 377?86.
_) Ltr. H_mm_l to Sahurmeler 12/I_/6_

5) Ltr. Schurmeler to Himmel 12/23/63

reouestin_ data in lieu of tr&na-

ponders.

6) '_ T2RCto T_C _-_-7 n_
1-9-69+ requests LMSC to send data.

7) Qualification Test _it Tranapondex

hand-carried to JPT, 1/1_/C-,_.

8) _ LeRC to N_SC _10-1-2_

9) JPL could not make transponder

operate. _nlppea bac_ to I_C, c/o

J.P. Stewart, 2-10-64 for repair.

.0) I_C checked operation which was

with a single pulse and returned to

,'rPT. 2/_/6_.

.i) JPL getting operating Instructions

fr_n _ h._-f-JA.

L2) Close per itr. LeRC to aPt,

_ n._.,_% i,/_/__
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NO.

43

44

DATE
INiTiATED

n/ 5/6

lO/17161

INITIATED
mY

Lewis

JPL

Ltr. Request Effects of Removal of

Tradewinds Cooling Sheath2 minutes

nrlor tn lift.crib.

l_ T,t'r. T.1]s]ctn "En _i'4mmml 1"l/1_/(_3.

IMSC A602012

2) JPT, re_]v Itr. Rehnrmeler tn Nl.m_

m/3/63

RA-7 M-M Sn-w,_v Mt:. JPL Reoort NO,

311-697

SIrR. Ytem i. Deter_dne if Snrln_

Constant Measurement is necessa]

nn RA._ and Q.

SUB: Item 3. Enlarge holes for backu

timer bracket for adlnstment.

(See Action Item #33)

S|IR." Ttem _ (S_ume as Action Ttem

.o.14.i

Yes. It is necessary. _ef. Itr.

y. Schurmeler to m_i" 1_/2/63.

SUB: Item 5 Provide more clearance

for High Gain Antenna

SUB: Item 6 Provide for positive

Still being investigated per lettez

Himmel to Schurmeler, _/_/6_,

@10_
Same status as Sub Item

clearance of Solar Panel Hinges

with Shroud Liner

SUB: Item 7 (See Action Item No. 9

SUB: Item 8 Replace Accel. & Amp.

Assem. on ACapter

SUB: Item 13 Inspect and clean plug_

on aCap_er.

Same status as 5.

Same status as 5

ACTION
BY

"rDT

Lewis/
U4SC

Lewis/

U_C

Lewis/

T_

Lewis/

I._SC

Lewis/

LMSC

OATE
REQUIRED

DATE
ACCOMPLISHI

Closed

_/3/63

_/2/63

Closed
12/5/6_

Closed

l/3/_

Closed

1_/516

Closed

±I_7164

11/12

_/1/_,

J'PL Request for I/_C doctnnents:
.... /.^ p__

a) A376344 Frog. Control Doctmlent

i) Still being investigated per itr. Lewis/ _/ 1/63

LM_C

b) 4/_7969-B Agena Radio Freq. Inter-

ference SPecification,

Note: Request for Item a, "Program Co

3-20-6_ Interface Meeting. Clos

Item b_ Spec. #4_796_B was rece

2) T_X JPL to Forney 1/23 (9+

T,V QOOq_

_trol Document," cancelled b_ JPL _t

_r ztr.LeRCto_5, 910_, _/1/6
.ved by JPL 1/27/64.

n/1/6_ J'PL Incorporation of Inspected Diodes on

Booster Equipment

Lewis TWX g_OO-II-I-CCC

Himmel to SSD/Wolfsberger ii/_

Lewis TWX Q4OO-II-_-SCH

Himmel to SsD/Parish 11/12

S_IDDort of R_-6

[aw_ s

_7 _lO/l_/6: JPL LMSC Update Spacecraft/Launch Vehicle l_ TTnc]er Invegt1_R_.4nn_ _f_ Its".

Himmel to Schurmeler 1/3/64,

_10 GMB

2) Being updated by L_C per itr.

_mv._l _ _h_,_4_v P,/IP/_,

9_1o_
31 _PL transmitted cooles of .'rPT,

schedule as inputs to I_SC per itr

Schurmeier to Fornev. 2-14-6h.

Lv 90078

4) T tr. TMSC to T_RC. a60_Pl-9l.ll

3-6-64 agreeing with JPL dates

5) Ltr. TeRC to .TPT.. c_iO-_._1_ 4-1-6_

requesting this item to he closed.

T_m/
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OaTE
NO. INITIATED

_8 n/18/6_

INITIATED
SV

ACTION OATE

ACTION STATUS By _EQUI_EO

Chan_e Telemetry Measurement Channel
i_ Vibration Measurements on S/C

instead of Shroud for RA-8 & RA-_.

Ltr. Schurmeler to Himmel 11/18/63

i) Rein_ investi=ated per telecon.

Lane to Bode L',','2/10/-63
2_ T,tr. N_.-_I to Schtn-me_er l/3/(_:

_1o_
_ TWX [eRC to aPE Z16164. _ZO-I-_-

GMB

41 _ ,,_L to teRc i/8/6_. :#ooozg

Answer to questions posed in

Ttem "_.

5) Letter Forn_ to 124SC, 9_60; WCA

6) T.tr. LeRC (_) to L_C 1_32,
1/2_/_ directs T_C to _o_lv.

7) _x, u_c to LeRc, 2/?/_, L_C;
A _0

8) Close per itr. Himmel to Schurmei.-r

_s/

IRSC

OATE

&CCOMPLISH_

Clo6ed

1/28/o,

2/2163 JPL Resolve Schedule for RA-8 & RA-9 i) LMSC Ltr. to Fornsy 11/15/63,

suDj. _/c Aaapcer con¢amlna_1on'

2_ _X LeRC to .TP_. q_lO-12-2g c,_m

_/1_/_3

answering questions posed in Ire:

pending concurrence.

giving JPL concurrence

6) Lt.r. IP_L _ !_"_ + ..... _++4.g

revised procedure, 2/5/64,
LV _K

7) Ltr. LMSC to LeRC giving _SC

L_C

Close

_-1_-6_

50

51

52

53

11/29163

1V1_/63

_/16/6_

_/_/63

LeRC

JPL

/PL

JPL

Agena Project Electro Ma6netic

Interference Test Policy - LeRC

solicits comments, itr 11/29/63

Himmel to GSFC, LeRC, JPL, LMSC

Ltr, JPL to LeRC 1/2b,/6_, LV _00_8.

giving combined Mar. C and Ranger

Project Cnmments.

Request for LMSC documents on Fit.

Instrumentation Evaluation for RA Blk

III _er_WX RA-11_ Schurmeier to

Forney 11/19/63

/PL

_X, JPL to LeRC RAIII-122/HMS/HJH

12/16/63. Subject: Modification of'

Ran_er/_ena Test Ada_ter6006 to

Flight Configuration (EM 55OA)

C loaed

i-2_-6_

All documents received at /PL Lewis/ Cl('_md

_/19/63 u_c _/19/63

T_is /

LMSC

11 Letter Forne_ to T2_C l_/_/6R.

Subj, Raz_er Blk III Adapter 6006,

2) Letter LMSC/AR77820 to_orney

_/31/63
_ _WX. _PL RA TTT-I_ T _ TM_n 1/R/_..

Request for instz_mentation ]_gs. ,y

_/_/_

_) Ltr. Forney to James 1/27/6_
Ad&Dter rewo_ke_.

5 ) Reworked adapter #EM 550A received

a__ D_I/6_.
OwEs. requested in #3 above al_o

received.

_lP_ed

_/_/o_

Request for better copies of _ IMSC

awes, ano comm_n_s on ob_alr_ng

reproducible LMSC dwgs. Ltr. JPL to

_w_s _Iz_/6_

z) ,tr. LeRCto_ 2i_16_,_1o-o_ u._./
Under investigation LHSC

2) Ltr. LeRC to u-PL 3/2/6b,, LMBC hma

been requested to furnish hiEh qua At M

reproduci_les.
3) Close per itr. LeRC to JPL,

_zo-_, _111_

Closed

'_/1/_
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DATE
NO' INITIATE D

1R12616_

56 1/23/64

5T 1/2z/64

INITIATED

mY

J'PL

.TPL

o-PL

J'PL

_WX JPL to Lewis. RA III-124-HMS/WJL

12/26/63. Request for "Conflrmation

ofMsL_S Prc_oe_t_es '' sus l_l_tedto S/C

Separation

Ltr. 9422-RNR, Lewis to JPL iI1_16_

S/C Separation performance O.K.

TWY .TPL to Lewis. LV 90021

Request for I/MSC doc_ents :

a_ RA _].TTT DV_Rm4C Ynstr!am.(q doc_

b i Tele. Insltr. Schedules (RA 6,7,8&9

e_ _I_. Chav#._ (A aora)

Request for LMSC documents

_WX, JPL to Forney LV 9_O34

a) _4I Control Spec for AGE_920493

b) AO85125 Sys. Design Spec for

Atlas Booster and Agena D.

Request for documents

Ltr JPL teL eRe - LV-90025

a) I_SC A602502B Conditions for

Launch and Hold Limitations for

Agena B Vehicles

b) GD/A 27-86013-1 "Atlas Test

Parameters for Factory and AMR".

All documents have been received by

_L _17164

a) Correct number to 4/_7969B - copy

received at JPL

b) Documen is obsolete.

Close per LeRC ltr 9410-GMB to JPL

618164

l) Ltr H_l to Kindt 2/11/6_
_OI-GTH_ requesting 1_em b

2) Ltr Kindt to Col. Brandenberry,

SSD, 2/13/6_, requesting Item b.

3) Ltr DeRC to JPL9410-GMB, 6-8-64

cause of delay being investigated

4) Doc received 5-7-6_

NOTE: _ne equivalent document for

Agena D was received by JPL

3-30-64 (I2_C/A60343)

5) JPL has not received item b.

6) Not yet received (2-8-65)

ACTION

mY

Lewis

Lewis/

Lewis/

Lewls/
IMSC

AFSSD

DATE

REOUIRED

DATE

ACCOMPLISHF

Closed
1-20-64

_losed
_-7-64

Closed

ever clos,

ecauee of 5)

58

59

6o

1/23/64

e/13/64 1

212o164

LeRC

JPL

JPL

TWX I_C to ieRC

LMSC/A37787 1/23/64, asking change in

"base band coupler input impedance"

constraint in JPL Spec. RCO-30947-DTI,

i) TWX, JPL to LeRC #LVqOO_q. 1/28/6 LeRC/

granting waiver on RA-6 and RA-7. LMSC

C

2) TWX, JPL to LeRC #LV9OO87,

2/19/6_ stating that JPL will

give answer b_ _/_/64 for RA-8

and 9.

3) TWX JPL to LeRC #LV 901P4, 3/i0/_,,
stating that Impedance not be

changed from JPL Spec.

4) _WX, LeRC to LMSC, _10-_-19 GMB

3112164, directs I_C to comply tl

Spec.

a) TWX JPL to LeRC - LV 9OO73,2/13/64 i_

Request for Da_aReduction & Analysis

of RA 6 D2namlc Measurements 2)

3)

Telecon Rode _ _ane _/1,q/_l,l LeRC/

LMSC

Telecon Bode & Lane 31 9/64 LMSC

Prel. Cost Estimate - $57,000

rwx, _L to _ _X):Le.2 _/9164
clarifying scope of request with

no increase in contract cost.

4) LMSC 45 day report #A603322

Received _/i/64 _lus GDA Report

_DA/B_6_-OO2
5) Close per letter LeRC to JpD

9_lO_B, _-1-64

l) TWX JPL to LeRC - LV 9OO91, i)

_/2u/64, _eques_ Z or increase in

range of tele. instruments on

Channel A'f for _A f, 8, & 9

Additional request for chang;' to' _)

axial for 7, 8 and 9-

T_X LeRC to/PL, 9_IO-3-7-GMB

3->-64 _equests _his i_em on

agenda for 3/19/64 Data Review

Meeting.

_WX,LeRCto JPL 3/3/0/64,9_10-3-_ _-OMB
_4X, LeRC to LMSC 3/3/0/64 - 9_10

3,45-GMB directing LMSC to change

range for RA-8 only.

RA 7 & 9 to remain axial measurem._nts

Closed

Qlosed

_-1-64

Closed

3-30-6_

* JPL 1895 NOV 6_
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DATE INITtATEO
NO' INITIATE D BY

61 2/6164 _L _;X, JPL to LMSC - LV 90067, 216164,

Request for TWANG data for Ranger 6

_men_ Aeeel. D1_k*_mR.

Oscilloscope pictures

Provide sufficient cleAr&nee between

Shroud Liner and S/C Solar Panel

_n_e_ (s11=ht _nter_erenee w_s

evident on RA-6 at A_ on 1/24/6_

i_ q_lecon. Arm_st*_/Ofer; _/25/6_

data will be forwarded soon

;)) Lt'r'- T/_i"' .,kt% IPn*..nm'u'_ _/_.l/,_'C/z

_98l tr_s_tti__os_il[ogra
teen.s

3) 'l_lecon, A2m.istead/iane 4/9/6b.. ,

data t.n he malll.r1%v 4._--_

4) Recelvad at JPL, 4/io/6% Ltr.
o_6o . wc a

ACTION
SY

PATE
REQUIRED

DATE
ACCOMPL|$HE

_/lO/_

4/1/o_

6q 2/25/6b..TPT,

#J3159347A & J3180151B to IMSC

Schurmeler to Forney 2/5/64 -

2) 2-20-6A Ltr. Forne_ to Shoenhair

Reo_ms% fnr _e. T_ Q_IO_

_X Schu_.eler to I_RC, IMSO Dw_s.

requestin_ comments on clearance

l_rohlem b_ 2-28-64

3)_/m/6%_tr.usc to_c, u_c/

no shroud mods are Justified at

4) Close per ltr. [aRC to JPL, 9_i0_

Armistead by J. Shaffer

a) 185-2961 Bracket Completed

b) 135_9_3 Bracket

r.mr,

IMB

LMSC

Closed

3-5-64

e/eT/6_ _

66 3/l_/6_a_:

TWX. JPL to LeRC #LV 90106. 2/27/64

Request for investigation of Ranger 8

aaa_ter to dete_Ine reason for so_t

"Spring rate" on S/C Foot "B" area.

l) T_X LeaC to JPL 9_10-3-3_ Le_C/

3/4/6A_ requesting more info. from I_C

.rPT. am a result of th_ JPL tests

2) TWx, J_E to _e_c, LV 90_4, 3/L_/_
_ivi_ results of evalnat!on _ests

and requesting meeting at L_C

_-2o-6_
3) TWx, L_C to J_L 4/3/6% 9_10_-4_

Concurrin_ with .TPL _ro_o_al_.

4) T/X, JPL to LeRC 313i/6_, LV-RA-

_1_ re. _,,4n_ a,*,_ _/_ fn_" _-_a+.

tests of spring constants.

5) T,tr..TPT, to TaRC: _/_I/64; 7_V RA

90161 re: possible future tests

6) _4X. T._RC to .I"PT.: 4/_/64: 9_10-A-_Im

concurring with JPL proposed tests

T_X JPL to LMSC 3/6/6_

Request for 5 Dwgs. LV-RA-90118:

l) TWX, LeRC to LMSC, 9_i0-3-18

GMB, 3/_/_ requesting UeC to

transmit two print copies

1461970 Connector, S/C Right Angle

1396019 Dialectric window

1397133 Probe

1397134 Cavity .__-__--_bly

1342539 Wiring Diagram

2) Ltr. u4sc to J?L, A603533 4/7/6_
tr_mlttin_ all useful dw_s.

Ltr, JPL to LeRC. LV 91029, Request

for reproducibles on 8 dwgs.

a) 6oo9 l a1359965 A
2 Kk_61510-A

3) Ji.?,61512- A

b) 6008 i) JI35996_-A

_)az,9.n_l

c) _9 _ a1_6_89
3) K1363687

NOTE; One Reader printer copy of

each received 3/6/64 with

_romise of re_roducibles to

follow.

Closed

_-3-6_

Closed

4-7-6_

Closed

3-6-_
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NO.

68

69

DATE
fNITIATEO

3/16/_

INITIATED

BY

Joint

JPL

JPL

Transmittal letter t JPL to LeRC

LV-RA-90143, RA-8 Match Mate Report

#311-705.

Sub Item #i - JPL will write propose(

deviaticms to L_C Spec. J141559

for use of "Yellow Ik_" Hoisting

Fixture.

Sub Item#2 - L_C to check location

of potentiometer near foot F.

Problem failure report #102877

Request for Step Force Test (_WANG)

Data for RA-7, _ & 9, JPL letter

LV 90241 to LeRC, 5/14/(:_

STATUS

Sub Item #i - Copies of revlsed .TPT.

Procedure 3R 102.O1 (with proposed

deviations_ madled 12/R/64. Clna_

Sub Item #2 - FEDR #214688 was written

Close per LeRC letter to JPL, 9410-_MB

6=_-

i) _/X, LeRC to L_C, 5/26/694

Ref. 9440-5-10-JCE, requesting
test data.

2) Data for RA-7 received 10/30/64

and returned to W. Trask LMSC

lO/31/_.
3) Data needed at JPL for RA-8 &

ACTION

BY

JPL

u_Rc /

Study of the possibilltv of contami-

nation from Atlas retro-rockets.

JPL TWX I_ - QO2_6. 5/15/69+ to TaRe

4) RA-C (RA-8) data received

RA-D (RA-Q_ data e_ePted ah¢_,_ ,_/1¢;/_q

states that a preliminary _ study LMBC

fS h_tncr _'a_ela_r] hv T_,RP_ .TDT. _== _ ,+

received the report.

TaRC tramsm_t%,ed T/_,'' l_+-_-r a_ B

to JPL, but this referred to Mar C om 4¢.

letter pertains to Ranger also.

(W_X rec-_v_a; Qhln-l_.1-19-mjFm: C!e_

DATE

REQUIRED

DATE

ACCOMPLISHE

Closed

Close

Closed

1-25-65

Closed

Close

2-i0-65

Close

2-4-65

_Iose

1-18-65

7O

7_

72

73

7_

612316_-

_/ 1/_

_/13/_

JPL

JPL

LeRC

JPL

JPL

Request for GDA documents

i. #BNJ 63-001=_/ii/63 (Classified)

2. 63-0014-5/i0/63 (Classified)

Items i & 2 received 7/7/6_ DaRC/
GDA

Request for I/_ Dynamics Report on

RA-6 Flight. Addendum to 45-day

report #A603322t 1/25/65 (dated)

l) Telecon with LeRC 6/25/694 confirms

JPL will receive copies when report

is published.

2) JPL has not received the addendum.

3) Received Feb.lO, 1965 LV-1603

Request for investigation of cut Action Item #15 in Minutes of RA- 7

Atlas coax cable on 250D. Recurring postfllght Analysis Meeting.

_c/
LMSC

problem at ETR. Reference RA- 7 DeRC _X 9_IO-10-3-GMB recommends

Daily Activity Report #8 closing, however JPL requests more

information. Refer to Action Items

73, 79 and JPL Ltr RA-LY-90653 _
See LeRC ltr date 1-28-65 LV-OI5_O

LeRC

Determine mounting system to be used

for GE Package.

Action Item#9 Minutes of Postflighl

Analysis Meeting. OTL requests

identification of whieh methodwill

be used and whether modifications to

the Atlas are necessary. InfoDer

telecon_ G. M. Bode, LeRC, and W. J.

Lanet JPL on 11/16/64 - GE mount

using rubber isolators at each corne_

will be used. Atlas vehicles for R_

have been modified. What is effect

flexible waveguide? Ref. to Action

Items 72, 79 and JPL Ltr. RA-LV-9065_ .

LeRC

8&9
,n

Determine cause of ARena telemetry

dropout at Atlas staging.

L) Action Items #17 Minutes of postfli_]

Analysis Meeting.

-_) Telemetry did not drop out on RA-6

flight; is this a unique case?

)) Refer to memo to Schurmeler from Er.

Hersey. SubJeet-"Effect of booster

sta_In_ on Ran_er Telemetry Signals'

dated 18 Jan 1965.

_t T_.W,"

ASA_
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NO.

75

76

mATE: I_ITIATEO

INiTiATED BY

8/13/6_ mL

8113165 0?L

Reduce the high temperature under

the silroua.

a. The Agena air conditioner coil

apparently freezes up under ad-

verse weather conditions.

b. Leaks exist between the adapter

and the S/C cn_partment.

Action Item #18 - Minutes of Post-

ACTION

my

EeRC

flight Analysis meeting.

a. JPL was requested to waive tempera.

ture limits for the RA-7 flight.

b. The JPL _urging system, which nor-

mally operates at a pressure of ½

inch of waterj actuall_ ol_erated a

a pressure of about 4 inches of

water. Pressure dropped when the

Agena air co._itioner was turned _ T.

c. Closed DerJPL (J Lona_ recrrnn_nd&';tnn.

mATE
REQUtmEO

DaTE
LCCOMPLISHE

Closed

_/11/65

77

78

i011616_ JPL

10/1616_ _

Improves mabilical door closure on

Adapter

i) Action Item #19 Minutes of post-

flight Anal_sls Meeting

2) Adapter umbilical door closure may

have been faulty, as indicated in

letter RA-LV-_O_O from JPL to _eR1

dated 30 Sept. i_.

9) RA-9 umbilical door did not close.

Ref. TWX to LeRC on 4/1/65 (RA-LV-

_) See LeRC recommendations regarding

this door at RA- 9 post Flight Meet_ n_

held at JPL 4-21-65

Determine if RA-8 Launch Vehicle

squibs will meet the range require-

ments or if a waiver is required.

Determine how to prevent f!ak_ng of

internal surface of the shroud. What

is the decision on sonic clean4ng

I) Action Item #6 Ranger Quarterly Re.

view 1011616_

2) _ermlssion to launch will not be

specifically required for the Atlal

boosters for RA-8,9 ner LeRC _WX

_lO-lO-31-G_m
3) LeRC has req_est_ _e_letion of the

requirement for submitting data

on the Agena, but no decision has

been reported.

4) Close per LeRC letter q_lO _M_

dated 1-22-65 (LV-1558)

i_ Action Ite_ _8 Ran_er Ouarterlv

Review iO/16/6_

2) Shroud is _resen_y cleaned In

and om sealing the surfaces with spr_ _d accordance with LMSC Spec LACOITO

materials? _) Close per LeRC itr _IO-C.MR

dated 1-22-65,LV-1558.

LeRC

LeRC

Closed

with further

1-tcolm_n_at_on8

79

80

81l_16_ .T_

8/_/_ .T_T,

failure on #i backup GE airborne fight AA_al_sis Meetin_

eauloment for RA-7 pulse width failure may be _la%e_

to trouble with coax cable (refer

Itr. RA-LV-_0653

i_ T.tr. from Tan_ (T_._lC_Pz_ Wef. _A I.

_l_ dated _/28/65. OK to close

_esolVe d_Tereneea _n 6_I_ An_

A_ena pro_ellant margins for RA-7;

uredlcted vs. actual.

flight Analysis Meeting. Refer _gX

from [aRC _iO.IO-_-_. Why was

Agena first burn too long?

error. _C report'A-605 II_ ,ta_s

parameters indicated normal per-

Clc__e
2-I_-65

_losed

Closed81 Io/6/6_ _L Change accelerometer sensitivity for

_ne FL zu mea=urement from _lSg to

.+25g. Ref JPL letter to EeRC

(RA-LV-905_6) dated i016/6b,)

z) umc T_xto uec (_O-m-8-OM_)
LMSC was requested to chan_e the

_--urement ra_%_e in above TWX

2) Telecon between G.M. Bode, ieRC,

and W.J. IAne, /PL. Indicated tha _

this item has been taken care of.

Close.

LeRC
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NO.
D_T_

INITIALED

_/16/6

iNITIATED
BY

JPL

ACTION DATE
STATUS By REQUIRED

I)eter_ine reasons for nnt _neorn_r.

atir_ JPL ec_ents on LM_C I_g. JPL comments remaining after eoor

_iv±tien (Refer to .Action Ite- _ !)

2) "C" change of this Dwg. was recei,_d

OK. Close

DATE
ACCOMPLISHE

C lc.nPr]

2-15-65

1-22-65

Clued

1-22-65

Correct galled cnnS_t_on of threads

on high gain antenna snubber on

Adapter _:K)06 (for RA-8)

Ref. JPL letter to LeRC (RA-LV-90610

dated 11/12/6_

for rematch mate tests of RA-8.

2) Was eorr_Cted/T_RC l_e_ Q_IO-t_J_¢

d_tedJan. 22, l_ (_V-155_)

Verify that transformers in auto-

pilot canisters in Atlas boosters

I_6D and 204D have been approved;

notify JPL of date of approval.

Ref. JPL letter to LeRC (RA-LV-_O623

_ted11/2_/_.

Close per LeRC Letter LeRC

_IO-GMB dated Jan. 22, 1965 (LV 15511)
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ABMA

A/C

ADC

ADF

AFETR

AFSSD

AGC

AGE

AMR

AO

ARC

ARPA

BECO

BH

CALAC

CC&S

CDS

CG

CIT

CICAFS

CO

CR

CST

CTS

CVA

DAC

DPS

DSIF

DSN

DTM

ECI

ECR

EM

EMI

EPD

ESA

EST

Army Ballistic Missile Agency

Attitude Control Subsystem (JPL)

Analog to Digital Converter

Aeronutronic Division of Ford

Air Force Eastern Test Range

Air Force Space Systems Division

Automatic Gain Control

Aerospace Ground Equipment

Atlantic Missile Range (now ETR)

Building AO (ETR)

Ames Research Center

Advanced Research Project Agency

Booster Engine Cutoff

Blockhouse (ETR)

Lockheed California Company

Central Computer and Sequences

Computer Data System

Center of Gravity

California Institute of Technology

Cape Kennedy Air Force Station

Spacecraft Coordinator

Central Recorder

Combined System Test

Central Timing System

Convair /As tr onautic s

Digital to Analog Converter

Data Processing System (SFOF)

Deep Space Instrumentation Facility

Deep Space Net

Design Test Model

Engineering Change Instruction

Engineering Change Request

Engineering Model

Electromagnetic Interference

Engineering Planning Document (JPL)

Explosive Safe Area (ETR)

Eastern Standard Time
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ETR

FA

FRD

FSE

GDA

GE

GMT

GSE

GSFC

HP

IL

IRBM

IRFNA

IR IG

J-Box

J-FACT

JPL

KSC

LC

LCE

LCOSE

LeRC

LMS C

LMSD

LOX

L/P

LPB

LRC

MOS

MSFC

MTM

NRD

NSL

OD

OR

OSE

PRD

PSD

PSP

PTM

QA

Eastern Test Range (formerly AMR)

Flight Acceptance

Flight Readiness Demonstration

Facility Support Equipment

General Dynamics Astronautics

General Electric

Greenwich Mean Time

Ground Support Equipment

Goddard Space Flight Center

Hewlett Packard

Insertion Loss

Intermediate Range Ballistic Missile

Inhibited Red Fuming Nitric Acid

Inter-range Instrumentation Group

Junction Box

Joint Flight Acceptance Composite Test

Jet Propulsion Laboratory

Kennedy Space Center

Launch Complex

Launch Complex Equipment

Launch Complex Operational Support Equipment

Lewis Research Center

Lockheed Missiles and Space Company

Lockheed Missile Systems Division (now LMSC)

Liquid Oxygen

Launch Pad

Launch Pad Building

Langley Research Center

Mission Operations System

Marshall Space Flight Center

Mechanical Test Model (spacecraft)

National Range Division

Northrup Space Laboratories

Operations Directive

Operations Requirements

Operational Support Equipment

Program Requirements Document

Power Spectral Density

Program Support Plan

Proof Test Model (spacecraft)

Quality Assurance
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QC

Rad

RCA

RF

RFI

RMS

RP-I

s/c

SCF

SCR

SCTB

SFO

SFOD

SFOF

SPE

SPL

SSD

STC

STL

STM

TA

TAD

TCM

TR

TV

UDMH

USAF

VCO

VECO

Quality Control

Radians

Radio Corporation of America

Radio Frequency

Radio Frequency Inter{erence

Roof Mean Square

Rocket Propellant I

Spacecraft

Spacecraft Checkout Facility (ETR)

Silicon Controlled Rectifier

Santa Cruz Test Basin

Space Flight Operations

Space Flight Operations Director

Space Flight Operations Facility

Static Phase Error

Sound Pressure Level

Space Systems Division (USAF)

System Test Complex

Space Technology LabQratories (STL)

Structural Test Model (spacecraft)

Type Approval

Task Assignment Directive

Temperature Control Model (spacecraft)

Technical Requirements

Television

Unsymetrical Di-methyl Hydrazine

United States Air Force

Voltage Controlled Os_illator

Vernier Engine Cut Of_
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